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PREFACE. 



The Map of which the following pages are an explanation embraces the 
richest mineral district of central Scotland — the great Lanarkshire and 
Stirlingshire coalfields stretching between Glasgow, Grangemouth, and 
Bathgate. The general geological structure of this area has long been, 
known, and numerous descriptive papers have been published regarding 
different parts of it, of which the more important will be found enume- 
rated at the close of this Explanation. No detailed map of it, however, 
has preceded the present Sheet of the Geological Survey, in which, for 
the first time, the coals, ironstones, and limestones, with their sinuous 
outcrops and numerous faults, are delineated, and the area and structure 
of the surrounding older formations are correctly traced. 

The survey of Sheet 31 was begun by myself as far back as the year 
1858, under the directorship of the late Sir Eoderick I. Murehison. 
Owing to the defective condition of the Ordnance Survey Maps, how- 
ever, it was found impossible at that time to carry the geological mapping 
further west than the limits of Linlithgowshire, and the work of tho 
Geological Survey had to be transferred to other districts. The examina- 
tion of the great Scottish coalfield was commenced from the south-west 
side, where the Ayrshire Maps were available, and the work proceeded 
across the country under the directorship of Professor A. C. Bamsay, 
until at last the lines were joined up with those which had been traced 
nearly twenty years before. 

The mapping of Sheet 31 has been the work of Mr E. Hull, r.B.S. 
(now director of the Geological Survey of Ireland), Mr James Geikie, 
F.E.S., Mr B. N". Peach, Mr E. L. Jack, and myself, each having his own 
area, and working with my co-operation. Mr Hull, while mapping the 
area around Glasgow, carried his lines into the present Map along the strip 
of ground extending with a breadth of more than a mile, from the 
Cathkin Hills northwards to the valley of the Kelvin, Mr J. Geikie 
surveyed the remainder and much the larger part of Lanarkshire, his area 
extending aver about two-fifths of the Sheet, from its southern edge up to 
the borders of Dumbartonshire and Stirlingshire, and into the south- 
western part of Linlithgowshire as far as Armadale, Torbanehill, Whit- 
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turn, and Hendrey 's Course. Mr Peach took the area lying to the west of 
Linlithgowshire and north of Lanarkshire, and extending westwards a 
little heyond Kilsyth. Mr Jack's portion embraced the rest of the 
north-west district of the Map from Cadder and EirkintL|loch north 
to Fintry, and included the larger part of the Can^psie Hills. The 
Linlithgowshire ground, with the exception of the part ahove referred 
^0, was surveyed hy me in connection with the area lying to the eastward 
fSheet32). 

To the following Explanation Mr J. Geik^e has pontributed paragraphs 
3, 7, 15, 22, 41, 56, 57, 59-68, 77, 78, 82, 84-89, 91, 93, 94, 96, 97, 
99, 101, 102, 104, i07, 111, 112, 114, 116, 117, 120-123. Mr Peach 
Nos. 12, 19, 20, 42-49, 58,' 69-76, 83, 90, 92, 95, 98, 100, 103, 105J 
106, 108, 109, 110, 113, 115, 118, 119, 124-128. Besides editing the 
whole, I have supplied paragraphs 1, 2, 4, 5, 6, 8, 9, 10, 11, 13, 14, 16, 
17, 18, 21, 23-40, 50-56, 79-81. Since he completed the survey of his 
area in Sheet 31, Mr Jack has been appointed Government Geologist in 
Queenslarid. I have supplied the description of that area from his maps 
and notes, supplemented by my own memoranda made when inspecting 
the ground with him. 

The Fossil Lists in the Appendix and throughout the Explanation have 
been prepared by Mr Eobert Etteridge, jun., by whom the fossils have 
■^jeen determined. 

pEOLOGiOAii SuEVBT OppioB, AECH. GEIKIK 

Edinbuegh, Oci. 1878. 



EXPLANATION OF SHEET 31. 



t AEEA EMBEACEb IN THE IIAP. 

1. The present Sheet of the Geological Survey of Scotlahd ietabraces 
an area of 432 square miles, lying within, the most populous and important 
counties of cehtral Scotland. Its western margin traverses the eastern 
suburbs of Glasgow, and runs northward across the Campsie FeUi to the 
village of Eintry. lbs eastern limits are marked by the chain of heights 
which extend from Borrowstommess^ by Lirilithgow, to Bathgate and the 
moorlands, which swell southwards into the eminences of Hendrey's 
Course and Levenseat. On the north it extends to beyond Larbcrtj and 
takes in iahont five miles of the course of the Eiver Forth, above Borrow- 
stommess. On the south it cuts across the great Clyde coal-field from 
the Cathkin HUls by BdthweU and Motherwell to the uplands of Leven- 
seat. It thus embraces the greater part of the Lanarkshire ahd Stirling- 
shire mineral fields, a portion of the carse-lands of the Forth, the pastoral 
tracts of the Kilsyth and Campsie or Fintry HiUs, with the populous 
centres of Airdrie, Coatbridge, Slamannah, KirklntLQobh, Kilsyth, Falkirk; 
Linlithgow, Eorrowstouhness, and Bathgate; 

il FOEM OF TSE GEOUND; 

2: Seen from the top of one of the lieighbburing heights — such; ftir 
example, as one of the range of the Kilsyth HUls — ^the area shown upon 
the map appears as a broa,d undulating plain, rising almost imperceptibly 
from the north, until it loses itself among the southern moorlands; Tbik 
plain probably does :uot exceed 500 feet in average elevation; At its 
northern end it sinks to the se^-level at the estuary of the Forth. Oh the 
east it is bounded by the range of the Bathgate HiUs, which rise cpn- 
spicuously to a height of 1000 feet above the sea. Towards the north- 
west, its margin is still more sharply defined by the Kilsyth HUls, whibh 
tower above it in a line of steep escarpment; reaching iji soihe places a 
height of more than 1700 feet above the sea; and ftUly 1300 fefet above 
the low ground at its base. At the south-west comer of the Map a portion 
of the heights is shown which border the edge of the plain oil that quarter. 
To the southward; the low undulating country stretches up the vale of 
Clydesdale, but rises in the cehtral and eastern parts of the plain into 
wide morass-covered moors, which, to thb south of Slamannan; attain 
heights of from 600 to 900 feet. 

3; This Sheet a,fibrds abundant examples of the conhectibii between 
external forms of tie ground and geological structure. Where, f br instance, 
hard and softer rocks come together, the former, as is well known, gene- 
tally project above the level Of the latter. Iii this way the patches of 



igneous rock, which are scattered all over the area included in the Map, 
never fail to give rise to hills and knolls, save where the whole ground is 
deeply buried under superficial acoumulations of clay, sand, or other loose 
materials. On the other hand, the sedimentary formations, though they 
sometimes form elevated tracts of country, as in the moors about Leven- 
seat and Hendrey's Course, do not of themselves stand out as prominent 
and picturesque features of the landscape, like the rugged hills, crags, and 
knolls of the igneous masses. The valleys do not necessarily coincide in 
direction with faults, siace these latter cross valleys and hills alike, and 
only show at the surface of the ground when they happen to have brought 
hard and soft rocks together, in which case the superficial inequality is due 
entirely to the relative degree of denudation which the unequally yielding 
rocks have experienced, and not to any vertical displacement. This is 
Well shown when the ground along what is geologically the low side of a 
fault, instead of being depressed below the level of the ground on the high 
side, actually overlooks it. 

4. Besides the general influence of denudation in producing inequalities 
of surface, owing to the different powers of resistance of the various kinds 
of rock, a further examination of the Map will show that there has been 
a widespread influence at work in producing a series of parallel ridges and 
hpllows, which are not confined to any one kind of rock, but traverse all 
the rock masses, even the hardest and most prominent. These features 
are expressed by the shading on the Map, from which their general direc- 
tion will be seen to run from W.S.W. to E.N.E. It will be shown on a 
subsequent page that they are greatly due to the manner in which the 
drift deposits have been arranged, and that their trend coincides with that 
of the ice strise on the rocks. But, as may be seen among the hills to the 
south of Linlithgow, they are well marked among the hard igneous rocks, 
and traverse these even at right angles to the strike of their beds. Such a 
system of harmonious surface grooving could not possibly result from the 
influence of so varied a geological arrangement of rocks as is shown upon 
the Map, but must be attributed to a superficial agent, moving across the 
country in an easterly direction. 

5. There are some portions of this district where these remarkable 
features in the form of the ground are especially well developed, and where 
all their characteristics can be studied within a limited and easily accessible, 
compass. Such is the tract of Stirlingshire and the west of LinUthgow- 
shire, lying to the south of the line of the Edinburgh and Glasgow Eailway. 
To the south of Falkirk, the ground undulates in a series of long parallel 
ridges and hollows, rising in places to a height of between 600 and 700 
feet, and uniformly directed towards E.N.E. From the sinuous outcrops 
of the coal-seams, it is evident that these inequalities are due to actual 
erosipn of the Carboniferous rooks, and that they are not affected by the 
faults which traverse the coal-field, l^ot only have the natural features 
of the surface been determined here by the general erosion from the west, 

- so that the lakes, mosses, and water-courses run in the same uniform trend 
as the ridges which separate them, but the artificial features also, such as 
roads, ditches, plantations, and even the boundary walls between the fields, 
have their direction similarly defined by the prevailing character. 

6. The watershed of Scotland, between the Atlantic Ocean and the 
North Sea, crosses the Map from north-west to south-east ; the streams 
on the west side being tributaries of the Clyde, while those on the 
egst side join the Forth. At the north-west corner of the Map a 
feature of this watershed is well exhibited by the approach of the rivers 
Endrick, which falls into Loch Lomond, and the Carron, which is a tri- 
butary of the Forth. The space between these streams is here a low 



narrow flat valley, through which it would not be difficult to divert the 
Endrick and Carron rivers, the one into the others Other examples of 
the same kind have been already described in former memoirs of the 
GejOlogical Survey, One of the most remarkable is the approach of the 
Clyde and Tweed at either end of the vaUey of Biggar; another on a 
smaller scale, hut in the same neighbourhood, is furnished by the Medwin 
Water and the Lyne. Passing round the sources of the Eiver Carron, 
the watershed strikes east along the chain of the Kilsyth HUla to near 
Banton, where it descends into the plain, and turning round by Cum- 
bernauld, winds southwards across the moors. 

7. On the south-west side of this liae, the most important streams are 
the Eiver Clyde, with its tributaries, the Kelvin, the North, the 
South, and the Eotten Calder Waters. Only a small part of the Clyde is 
shown on the Map. This begins at the Hamilton Parks, and passes west 
by north to Eutherglen, where it leaves the Sheet. Prom that river the 
ground rises somewhat rapidly to the south (1 in 16 or so), attaining a 
height of 700 feet or thereabout, at the extreme south-west corner of the 
Sheet. Toward the north and north-east, the rise is much less consider- 
able, the crest of the watershed between the Clyde and Forth being 
attained in the Moffat and Torrance HiUs at a height of little more than 
900 feet, and a distance of ten mUes at least from the Eiver Clyde, near 
TJddingston. A glance at the Map will show that north of a line, drawn 
from the left hand margin of the Map near Hogganfield Loch, east by 
Cardowan and Gartsherrie to the waterparting in the moors north-east of 
Airdrie, the ground falls away gently towards the vaUey of the Kelvin. 
South of the same Kne the slope is more or less directly into the vaUey of 
the Clyde. Most of the streams have cut deep guUies or ravines for them- 
selves, either out of the superficial formations or out of the underlying 
rocks, or in many cases out of both. The gorge of the Clyde between 
Both well Bridge and TJddingston is the finest example; on a smaller scale 
the North and South Calder Waters afford many picturesque ravines, 
where the coal-measure strata are well exposed. 

8. On the north-east side of the watershed the Carron river drains the 
high pastoral tract of the KUsyth HiUs, and after receiving the Bonny 
Water from the right, winds for the last seven or eight miles of its course 
through the flat alluvial land of the Forth known as the Carse of Falkirk. 
The Elvers Avon and Almond, and the Breich Water, with their upper 
feeders, rise among the mosses which cover the high moors on the water- 
shed. On the whole these streams flow in shallow hollows, which they 
have worn out of the drift deposits. This feature is specially shown by 
the Almond and the Breich. Now and then the water has cut down into 
the rocks beneath, whUe, stiU more rarely, rocky and sometimes narrow 
and precipitous channels have been excavated. By much the best example 
is that of the gorge of the Avon between Muiravonside and ManueL But 
the Carron for some miles above Denny flows in a picturesque, wooded, 
and rocky ravine. 

9. As regards the vegetation, there are three weU-marked forms of sur- 
face within the area of the present Map : — 1st, Arable land, including 
ground covered with woods and plantations. The low tracts bordering 
the Eiver Forth are very generally under the plough. Cultivation stretches 
westward along the base of the KUsyth Hills and south to the vale of the 
Clyde, up which it extends, between the Cathkin and adjacent hiUs on 
the leiEt bank and the high moors on the right. It likewise runs south 
along the slopes of the Bathgate HUls, but gradually diminishes as th« 
ground rises into the bleak moory country between Whitburn and the 
heights of Hendrey's Course and Levenseat. On the arable land at all 



elevations, as well as in sonre of the less sterile irtossy trScts; considerable- 
belts of wood bave been planted. Tbtis, beginning close to the sea-level 
near Borrowstounness, plantations appear on some of the stiOf clayey soil 
which is elsewhere devoted to crops ; scattered clumps, chiefly of fire, ar^ 
dotted over the ground as it rises into thfe Bathgate TTilla, the very tops of 
that range of heights being woOded ; while to the sc/uth and south-west, 
where the soU become^ cold and stiff, and the ground is high and bleak, 
long strips of wood have been made to grow. In the vale of the Clyde, 
where the rich alluvial soU and the sheltered situation favours their grdwtb, 
the best woods in the district are to be see'ii. 2dj Moors, Inosses, and 
boggy land. The high bleak parts of the plain; which rise from the valley 
of the Clyde and undulate eastwards and northwards, between Aii:drie, 
Whitburn, and Falkirk, are essentially moors and peat-ihosses. The 
slopes and ridges are covered vtdth a heathy vegetation, which, in the 
hollows, passes into sheets of peat or undrained marshes. Cultivation and 
mining operations every year encroach more and more upoii these wastes. 
Even in the arable tracts which have been long under the plough evidence 
may be found that marshes and peat-mosses once existed abundantly all 
over the country. The catse-land of the margin of the Forth was formerly 
covered with peat, though this has now in la,rge iheasure been removed, 
and the good underlying clay soU brought into cultivation. Considerable 
areas of peat-moss still reinain, as the I,etham Moss to the north-east of 
Larbert. 3d, Pastoral tracts. The only extensive area of this kind is 
that of the Kilsyth a&d Fintry HUls. Formed of decomposing igneous 
rocks, which crumble rather into sloping declivities than into crags and 
cliffs, these heights are clothed even to their suinmits vn.th pasture, whUe 
their height brings them within such an abundant rainfall as to preserve 
them well- watered. 

10. III. FOEMATIONS AND GKOtJPS OF EOCK EMBKACED 

BY THE MAP. 

Aqueous. 

Sign on Map. 
/ Alluvmin of river-terraces and old ) I 

Eecentand j p^^^'^'"' ■. • ' • |I'™]iwater, | -^ 
Post-Tertiary, j Recent mud of Forth, • ' I Estuarineand ) _^ 

V Lower raised beaches; . . \ marine, j 

iSaiids, Gravels, and Stratified Clays of upper ) g jjjjpv o„ 
terrace of Forth and Clyde (estuarine and > „ ■„ ..f tli 
marine); , . ... . j margin Of Map. 
Erratic Blocks, 
Sands, Gravels with Stratified Clays, KaBie Series. 
Boulder Clays. 
River Deposits below Boulder Clay. 
Ice-markmgs on rooks, .... — C) /^ 

' tipper Eed Sandstone Group, without Coal, . . d'' 

Coal Measures, ....... d' 

Carbonif eroiis, < Millstone Crit, ; . . . . . . d^ 

j Carboniferous Limestone Series d'' 

V Calciferbus Sandstone Series, ..... d', d^' 



(! 



Igneous. 

a; Interbedded, or contemporaneous with the forrhatidns among which 

they lie. 
-r ( Basalt, Dolerite, (Diaba.se), in lava beds, . . . Bil 



^ , .. . Volcanic Tuff, Fsd 

Carboniferous, | Porphyrite, iii lava beds, . , . , . Fd 



h. Intrusive, or Subsequent in date to the formations in which 
they are found. 

bf Miocene (?) Age; Basalt-rocks in dykes, • . 
;, Post-Cai'boniferous Age. Basalt in intrusive sheets, 

f Basalt, . '. 
,, Lower Carboniferous; •< Felstone, 



B 
B 
B 

F 
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IT. GEOLOGICAL STEUCTUEE OF THE DISTEICTS 
ESrCLUDED WITHIN THE MAP. 

11; Disregarding minor features, the area embraced within the Map 
may be looked upon as a long basia, the centre of which runs from south 
to north, or rather from S.S.W. to KN.E. Along the centre of this 
trough lie the higher members of the Carboniferous system, forming the 
coal-fields of Carron, Falkirk, Slamannan, Shotts, Airdrie, and Mother- 
well. Along the eastern margin a continuous belt of the sandstones 
known as the Millstone Grit rises from underneatli the Cokl-measures^ 
followed in turn by a broad band of the Carboniferous Limestone series 
with its associated volcanic rocks. From below this series the Calciferous 
Sandstones emerge to the surface, a small area of them being included in 
the Map to the east and south-east of Bathgate. The western side of the 
trough is much less regular. Beginning at the north end, we find the 
two parallel bands of Millstone Grit and Carboniferous Limestone well 
developed between the Kilsyth Hills and Larbert. Owing, however, to a 
succession of minor outlying basins and of large faults, the true trough- 
shaped structure of the whole area is apt to be missed on that side. 

12. A better idea may be fomied from the Map of the more complex: 
character of the structure of the ground on this side than can be given by 
a description. It will there be seen how the edge of the Coal-measures is 
shifted successively further west by the long parallel east and west faults ', 
how these faults likewise affect the continuity of the boundary-Unes of 
the MiUstone Grit and Limestone series ; and how, owing to undulations 
of the dip, £is well as to dislocations, portions of these sandstones are 
brought in as isolated patches or outliers. It is between the valley of thei 
Carron and KirkintUloch that these features are best developed. In that 
tract the Carboniferous strata flanking the Kilsyth HiUs have been thrown 
into a series of smaU. basins and domes often greatly broken by faults. 
The most remarkable result of these irregularities of structure is 
probably to be found in the strip of ground which includes the Coney- 
park, Eanknock, and Dennyloanhead coal-fields. A narrow strip of Coal- 
measures is there found wedged in between two faults, which converge 
and unite westwards and open out to the east. By means of these dislo- 
cations much higher parts of the coal-measures than any found in the 
main Stirlingshire coal-field are let down and preserved between beds of 
the Caxboniferous limestone series on the one side and a higher portion 
of the same series and the MiUstone Grit on the other. To the strip of 
coal-measuies thus let in among older strata a narrow and deep basin- 
shape has been given. The Banton and Kilsyth coal-fields form a series 
of little basins in the Carboniferous Limestone series, wherein the same 
beds are constantly repeated. Such a succession of basins impHes a corre- 
sponding number of saddles or domes. Of these the most noteworthy in 
the district is that which extends from the station on the Eoman waU 
about a mile and a half west from Croy, on the Edinburgh and Glasgow 
Eailway, for 3 miles to the north-east to Low Banton. This one is so 
conspicuous that it has acquired the local name of the "riggin" or roof. 
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13. On tlie western margin of the coal-fields a feature is well displayed, 
whiohi occurs not infrequently in Ayrshire and Lanarkshire. Higher por- 
tions of the Carboniferous system are there brought down. by faults against 
the volcanic masses which lie not far above the base of that system. On 
the left bank of the Clyde, as shown at the south-west corner of the Map, 
the Coal-measures, and even the upper red sandstones, the very highest 
zone of the whole of the Carboniferous subdivisions, has been thrown 
against the porphyrites of the Cathkin Hills which overlook all the plain 
to the north and east. The flanks of the Kilsyth Hills are likewise every- 
where bounded by one or more faults, whereby various horizons of the 
Carboniferous Limestone series are brought down against the base of the 
steep volcanic escarpment. So sinuous is the line of displacement in some 
parts of its course that the Limestone series seems as it were notched into 
the older igneous base. Possibly this character may have partly contri' 
buted to the mistaken notion which prevailed untU recently, that the igneous 
rocks of the Campsie and Kilsyth Hills were later in date than, and had 
invaded and overlaid, the Carboniferous Limestone of their faults. Eefer- 
ence may be made to Sheet 22 of the Geological Survey of Scotland for a 
still more striking illustration of this geological structure along the base 
of the hills between Ardrossan and Lochwinnoch. 

14. More detailed reference will be made in the sequel to these and the 
other faults ia the area of the Map. From the number and extent of the 
crimson and scarlet patches and bands upon the Map, it will be seen how 
abundant are the igneous rocks. Eeserving detailed descriptions for a 
later section of this Explanation, we may here note that two great groups of 
volcanic masses, including lavas and tuffs, are here intercalated in the 
Carboniferous rocks. The older of these lies in the Calciferous Sandstone 
series, and forms the Kilsyth HUls on the north-west, and the Cathkin 
Hills on the south-west. The younger series is interbedded with the 
Carboniferous Limestone series, and extend from Borrowstounness south- 
wards by Linlithgow and Bathgate to Blackburn. Many intrusive sheets 
of basalt and dolerite have been injected into the Carboniferous Limestone, 
Millstone Grit, and Coal-measures, particularly along the central parts of 
the Isasin from Torphichen to Glasgow, and on its north-western margin 
between Kirkintilloch and the hiUs above Dunipace, which stretch on to 
Stirling. Later still than most, perhaps than all of these intrusions, are 
the long parallel east and west dykes which cross indifferently all the 
rocks, both aqueous and igneous. 

In the following description of the geological structure of this area, the 
rocks of each formation are described in ascending order, beginning with 
the oldest, and their area and arrangement are traced across the districts 
into which, for the sake of convenience, the area has been divided. 

Carboniferous. 

15. Underneath the various superficial deposits to be afterwards 
described, the whole of the rocks of this area, with the exception of 
some of the intrusive igneous sheets and dykes, belong to the Carboni- 
ferous system. All the great subdivisions of that system in Scotland are 
represented here. Their arrangement, and the localities upon the Map 
where they may be examined, are shown in the annexed table. 
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'Sign on Map. 


Groups of Strata. 


Localities. 


,15' 

ds 


Coal-measures, consisting of— 
(6). Ked and grey sandstones, 
fireclays, shales, marls, 
etc., with Carboniferous 
plants. Wo workahle 
coal-seams in this group. 

(a). A thick group of white 
and grey sandstones, 
dark shales, oil-shales, 
fireclays, coal-seams, and 
ironstones. 


River Clyde, between Bothwell 
and Carmylc ; ravines of Luggie 
Burn from Langloan down- 
wards, and of North Calder 
Water near Hagg Mill, and 
from Rosehall downwards ; 
Rotten Calder ; Bellshill ; 
Bothwell ; Uddingston ; Car- 
myle ; Shettleston ; Baillie- 
ston ; Drumpark, etc. A small 
outlier occurs in centre of 
Coneypark basin, as shown by 
mining operations. It is no- 
where visible at the surface, 
and is the only representative 
of the subdivision in Stirling- 
shire. 

South Calder Water; North 
Calder Water down to Rose- 
hall ; tributaries of North 
Calder ; River Avon, for 3J 
miles down from Avonbridge ; 
Slamannan, Falkirk, Carron, 
Coneypark, and Banknock 
coal-fields. 


d' 


Millstone-Grit, consisting of— 
A suite of massive, though 
lenticular sandstones and 
grits, with thick beds of 
fireclay, thin limestones, 
and occasional thin coals 
and ironstones. 


River Avon, from Avonbank to 
Inveravon, and above Caribber; 
Whitburn ; Levenseat and 
Gladsmuir Hills ; near Sals- 
burgh, Steps, Garnkirk ; 
Heathfield, Glenboig, etc. ; 
western boundary of Ealkirk- 
coal-field, where, thougl no 
good continuous natural sec- 
tions occur, the sandstones 
rise into bare knobby hills 
from Fannyside Moor to Tor- 
wood Hill. 


di 


Carboniferous Limestone 
Series, consisting of— 
(c). A group of three or more 
limestones, with coals, 
and thick beds of sand- 
stone, etc.. 

(b). A group of sandstones, 
shales, etc., with beds of 
coal and ironstone ; no 
limestone. 

(a). A group of sandstones, 
shales, etc. , with several 
thick seams of lime- 
stone, and some coals, 
and ironstones. 
In Linlithgowshire (Bathgate 
Hills, to Borrowstounness) 
thick beds of contemporaneous 
basalt and_ tuff are associated 
with the Limestone series. 


Kinneil ; Avon Water, between 
Avonbank and Easter Caribber; 
Bowden Hill; Stand Hill; 
Levenseat; Torwood; Denfiy; 
Castlecary ; Cumbernauld j 
Mollinburn ; Robroyston. 

South of Hendrey's Course ; Blaw 
Weary ; Breich Water at 
Stonyburn ; Bathgate ; Borrow- 
stounness ; Denny; Banton ; 
Kilsyth. 

Addiewell ; Bathgate HiUs ; 
Conie Burn, near Kilsyth; 
Lennoxtown ; Caram Water, 
above Denny. 
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Sign on Map. 



Groups of Strata. 



d" 



d' 



Calciferdus Satidstoiie Series, 
consisting of^ 
(b). Cement-stone group. On 
the eastern edge of the 
Map this §roiip, consist- 
ing of white sandstone.? 
and black shales, comes 
piit repeatedly under- 
neath the Carboniferdus 
Limestone series. Oii the 
north-west and at the 
south-west corner, how- 
ever, it is represented by 
a thick mass of iiiter- 
bedded. volcanic rocks 
(porphyrites, tuffs, &o. ). 
Rewards the top of this 
volcanic zone, in the 
Kilsyth Hills, blue, green, 
and red clays; and a few 
sandstone bands occur; 
while towards its base 
similar clays, with bands 
of cement-stone, aiid 
sandstone are interstrati; 
fied. These strata thus 
resemble parts of the 
cement-stone group in 
,, the west of Scotland'. 

(a,)'. A group of red; yellow, and 
, variegated sandstones', 
with red and green saiidy 
clays, with one thin band 
of interbedded porphy- 
rite. 



Localities; 



Breioh 'Water, east from Addie- 
well ; Eiver Almond, below 
Blackbiiriil 



Kilsyth and Fintry Hills; good 
sections, abundant, particu- 
larly aloiig the southern escarp- 
ment; and in the water- 
, courses. 

Cathkiri Hills: 



darvel Burn and tributaries ; 
Tackmadoiin Bum ; both near 
Kilsyth. 



Calcipeeous Sandstone Series. 

16. This lo'west member of the, Carbonifero'us system iii Scotland is 
■ieverywhere separable into two distinct groups. Of these, the lo-wer, 
consisting almost -virhbUy of red sandstone, retains a great similarity of 
character from the coast 6t Ber'wickshire to the shores of Argyleshire. 
Sometimes, indeed,, it is absent, and then the upper group, or even the 
base 'of the second niember of the systeni, the Carboniferous Limestone, 
comes to lie directly upon an older set of formations. The upper group, 
commonly termed the Cepient^stone group, oJffers far greater vaiiety of 
lithological characters and of thickness. Disregarding the numerous 
iniiiior local changes in these respects, we can recognise two 'weU-marked 
lypes for this group which, from their distribution across the country, 
may be kno'wn as the western or Clyde type, and the easterii oi Fdrth 
iypfe. ,In the former case the strata consist mainly of grey, blue, lilac, 
and red shales and ckys, -with courses, or even thick zones of white, grey, 
or yeUow, sometimes reddish, sandstones, and bands and n'ddules of 
cement -stone. On the whole the rocks of this tjpe are singularly 
unfossUiferous. They occur throughout Ayrshire and the basin of the 
Clyde, stretching eastwards to Stirling, and even partially re-appearing at 
the extreme westerh margin of Fife. They are likewise well developed in 
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Berwickshire, a^d with some remarkable variations in Eoxburghshice and 
Dmnfriesshire, whei^oe they pass across the border, and show themselve| 
in rapidly dim;inishing proportions at the base of the Scar Limestone serieg 
of Cumberland. This may be regarded therefore as the more frequent 
and characteristic aspect of the strata between the red sandstone below, 
and the bottom of the Carboniferous Limestone fibove. The eastern of 
Forth type is confined to the basin of the Eirth of Forth. It extends 
from the centre of Linlithgowshire to the northern edge of Berwick- 
shire, and throughout the county of Fife. The strata here consist 
chiefly of white and yellow (very rarely, and only towards the base, 
red) sandstones, blue and black shales, clay ironstones in bands and 
nodules, with occasional entomostracan, inytiloid or encrinal limestones, 
and soiqe b,ands of coal. These rocks are usually as marked by the 
abundance of their f ossU contents as the rooks of the Clyde type are 
distinguished for their barrenness in this respect. In some districts the 
chief fossils are plants,' such as ferns {Sphenopteris, &c.), lepidodendroid 
forms, calamites, &c. With these are commonly associated abundant 
remains of Leperditia or other ostracods, and scales, teeth and coprolites of 
such ganoids as Rhizodus, MegalicJithys, Eurynotus, &c. Such group- 
ings of organic remains appear to point to fluviatile or at least estuarine 
conditions of deposit. But at various horizons, throughout even these 
apparently fresh or brackish-water formations, there occur bands, of shale 
or liip.estone, with such unequivocally niarine forms as crinoids, Spirorhis, 
Edmondia, Mytilus, Aviculopecten, Bcllerophon, and Orthoceras. 

The present Map includes an area within which occur small tracts of 
both these types of the Calciferous Sandstone series. The characters of 
the Forth beds are seen in the Linlithgowshire district ; those of the 
Clyde or western type in the Kilsyth and Fintry Hills. At the south- 
west comer of the Map the Cathkin HiUs likewise belong to the western 
type. 

a. Linlithgowshire District. 

17. On the eastern margin of the Map a small space is occupied by 
the upper part of this series between AddieweU and the Bathgate HUls. 
The strata, partially exposed to view in the courses of the Eivef Almond 
and Briech Water, consist of yeUow and grey sandstone, black, blue, 
and grey shales, oil-shales, and thin seams and balls of clay-ironstonei- 
They pass immediately under the Hurlet Limestone and coal lying at the 
bottom of the Carboniferous Limestone series. In the Almond section the 
crop of the Houston coal — a marked seam in the upper division (Cement - 
stone group) of the Calciferous Sandstones of Linlithgowshire — occurs 
almost exactly at the edge of the Map. Consequently, at Eed House and 
southwards, this coal lies comparatively near the surface (30 fathoms and 
upwards). A higher baiid of oil-shale, known as Eaebum's Shale, which 
has been met with in bores to the northward, probably qrqps somewhere 
east from Hopefield Mills. l!he green clays or marls which lie above the 
Houston coal, and afford an excellent geological horizon in the district, are 
seen in the channel of the stream due south from Eed House. Higher 
up, a band of green nodular f elspathic tuff, derived from the trituration of 
some of the diabase-lavas of contemporaneous date, is cut through by the 
Almond at Hopefield MiUs. It contains balls of hard flinty limestone, is 
flanked on the east- by highly indurated fissile sandstone, dipping W.N.W. 
at 42°, and may perhaps be a portion of a TOlcanic neck connected, not 
with the Calciferous Sandstones, but with the later eruptions of the Lime- 
stone series. About 100 yards further west, among some shales which 
dip Westward up the stream, a thin seam of encrinite limestone occurs. 



u 

Similar tkin bands, lying below the Hurlet Limestone, which is conveni- 
ently taken as the base of the Limestone series, are not uncommon in other 
parts of the Carboniferous region of Scotland. North from the Almond 
section the Calciferous Sandstones run up the east side of the Bathgate 
HUls. If, as will be explained on a later page, we take the Petershill 
or thick Bathgate limestone to be the Hurlet seam, then all the inter- 
stratified igneous sheets lying to the east will fall into the Calciferous 
Sandstone series. For the sake of continuity, however, these rocks will 
be described '-with, the overlying igneous masses with which they are con- 
nected (par. 25 et. seq.). In the Breich Water section, as far as contained 
within the area of the Map, no strata so low in the series as the Houston 
coal occur. That seam crops out about a quarter of n^Lle east from the 
point where the edge of the Map crosses the Breich Water. The upper oU- 
shale, which is worked at Addiewell, crops in this stream close to that point. 
It is overlaid by white and grey sandstone, and dark shales which pass - 
below the Hurlet Limestone at Cuthill. In a stream between Blackburn 
Hall and Gardner's Hall another small exposure of these strata is to be 
seen. Among them occur some blue shales, with cement-stone and a thin 
seam of impure hmestone. 

b. Kilsyth and Fintry District. 

18. Both the lower or Bed Sandstone group and the upper or Cement- 
stone group, into which the Calciferous Sandstone series of central Scotland 
is divided, are represented in this district under conditions which mark 
them as belonging distinctly to the western or Clyde type of development. 
The lower division consists of the usual red sandstones, and is seen only 
in two tracts within the area embraced by the Map, viz., near Kilsyth and 
at Fintry. The upper division partakes of the characters so widespread 
in northern Ayrshire, Eenfrewshire, and Dumbartonshire. It is mainly 
made up of contemporaneously ejected volcanic masses, but here and there 
between the volcanic sheets, and overlying them, occur strata of grey and 
blue clay, shale and cement-stone, which present the usual characters of 
the western Cement-stone .group. The volcanic rocks cover almost the 
whole of this district. The structure of the ground, as shown upon the 
Map, is comparatively simple. On the whole, the rocks dip towards the 
east, but at very low angles ; so low, indeed, that ia many places, par- 
ticularly towards the eastern end of the Kilsyth HUls, they coincide in 
dip with the natural fall of the ground. The gently inclined volcanic 
beds rise above each other into the range of bills north of Kilsyth. 
Their southern front beiag short and steep, they present an escarpment of 
the porphyrite sheets on that side. On the northern side also, to the west 
of Fintry, a stiU more striking escarpment occurs. Owing to the easterly 
dip, these escarpments are highest towards the west, and gradually sink 
eastwards, until they pass underneath the overlying Carboniferous Lime- 
stone series. Hence the lower portions of the series can only be seen 
towards the base of the escarpments on the northern and southern sides 
of the hiUs. On the north a magnificent range of cliffs and rocky slopes 
stretches to the west of Fintry. These, however, do not come into the 
present Map ; their description is reserved for the Explanation to accom- 
pany Sheet 30. It may be mentioned that on both sides of the valley of 
the Eivei Endrick, below Fintry, the base of the volcanic series is seen to 
rest upon a thick mass of white sandstone, which in turn passes down 
into the ordinary red sandstones and shales which form the lower division 
of the Calciferous Sandstone series. 

19. On the southern side of the Kilsyth Hills, immediately to thq 
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north of tlie valley of Kilsyth, there rises from beneath . the voloanio 
escarpment a strip of sloping ground, about three miles long by about one- 
third of a mile in its greatest breadth, in 'which, as shown upon the Map, 
the underlying red sandstones come to the surface. These strata here 
consist of red, yellow, and variegated sandstones, with red and green marls 
and a bed of concretionary cornstone. They peep out from under and dip 
beneath the overlying volcanic mass of the hills. Nowhere is their base 
visible, the edges of the lowest beds exposed being abruptly truncated by 
a large fault, whereby the overlyiag Carboniferous Limestone series is 
everywhere made to abut upon them. The coal-seams in the latter series 
are indeed wrought right up against them. It is important to note the 
great similarity between some of the sandstones of this group, especially 
the yeUow ones, and many in the Carboniferous Limestone series to the 
south of the line of fault. This has often been adduced as evidence that 
the Kilsyth coals and ironstones underlie the volcanic rocks of the hOls to 
the north, and that a fruitful coal-field hes yet unreached beneath that vast 
area of high ground. The sheets of intrusive basalt which are found above 
the coals and ironstone have also been confounded with the interbedded 
porphyrites of the Kilsyth Hills, which were unmistakably true lava-flows 
and ashes ejected at the surface, and buried under sediment long 
before the formation of the coal and ironstone seams of Ealsyth. Sufficient 
evidence is supplied by the present Map to show how erroneous is the im- 
pression that any workable coal-field can exist below the chain of the 
Campsie and Kilsyth HUls. Besides the evidence supplied by the char- 
acter of the strata in the strip of underljong red sandstones now referred to, 
the section of the Eiver Carron above Denny, as well as numerous similar 
exposures northwards to Stirling, show that the volcanic series passes con- 
formably below the base of the Carboniferous Limestone series, in which 
the lowest workable coal-seams of the district occur. Again, on the north 
side of the hiUs, as already remarked in the preceding paragraph, the 
strata which emerge from underneath the volcanic cake of the Fells are . 
shown by innumerable sections to belong to a series of rocks lower and 
older than even the base of the Carboniferoue Limestone series. In the 
narrow strip of red sandstones to the north of Kilsyth, good sections are 
to be found in aU the streamlets which descend the slopes. The best, 
however, occur ux the Garrel Burn and its tributaries, where the beds on 
both sides of the large fault are exposed, and the relations of the red 
sandstones to the overlying porphyrites and tuffs are well seen. Two thin 
beds of decomposiag slaggy and amygdaloidal porphyrite are found inter- 
calated with the sandstones of this area. 

20. The upper or Cement-stone group of the Calciferous Sandstones is 
mainly of volcanic origin in this district, being a prolongation of the 
great volcanic area of Ayrshire, Eenfrewshire, and Dumbartonshire. It 
consists of a succession of slaggy porphyrites, separated by considerable 
thicknesses of weU-bedded fine-grained tuffs. Two intercalations of sedi- 
mentary strata occur near the base of the volcanic masses, one consisting 
of red, green, and grey clays, with numerous bands of impure cement- 
stone and calcareous sandstone, the other of white sandstone. They are 
seen at the Garrel Burn and BerryhiU, to the north of Kilsyth. These 
sedimentary rocks, with the igneous sheets between them, form a zone at 
least 400 feet thick. Above this is a constant succession of beds of 
porphyrite-lavas rising, bed above bed, for about 600 feet, with 
few or no intercalations of tuff, the beds being separated only by their 
own slaggy and brecciated upper and under surfaces. They show aU grades 
of texture, from a compact hard, dark bluish-green rock, like a basalt, to a 
»l3^yi earthy, purple porphyry, with large tabular crystals of felspar. 
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Some are dark grey, md contain sparsely spt crystals of felspar, and some; 
times grains of olivine. As a rule, the beds are thin and widespread. 
Overlying these old lava-flows, and' exposed in sections along their easterq 
margin, occurs a series of blue, green, and red clays, which, towards itg 
bas^, Qontains bands and nests of comminuted volcanic fragments. It is 
difficult to teU whether these point to a continuance of volcanic activity, 
or whether they are only derived by ordinary waste from the lava surfaces. 
South of the large fault spoken of as flanking the hUls, two areas of vol- 
canic tufl', belonging to the very highest part of the group, occur, and dip 
below the base of the Carboniferous Limestone. One is traversed by the 
Corrie Bum, about 2 miles W.N.W. from Kilsyth, and the other occurs tp 
the north of the Banton coal-field. The tuffs in the former case contain 
intercalations of green sandstone, and a thick bed of ferruginous cement- 
stone, which, however, is much shiattered from its proximity to the fault, 
and altered by an intersecting columnar basalt dyke. A circumstance de^ 
serving of remark in regard to the history of these ancient lavas and tuff^ 
can be weU observed within the area of the present Map, but still better 
by combining that area with the ground to the west and north. The total 
mass of volcanic material north of Kilsyth is about 1000 feet in vertica]. 
thickness. Further west it attains a still greater depth. When traced 
northwards, however (Sheet 39), it rapidly thins oirt towards Stirling, 
until at Causewayhead, about 1 mile north of that place, it has entirely 
disappeared. From these facts it is clearly seen that the volcanoes 
■which supplied the lavas and tuffs lay not towards the north, but tpwards 
the west and south-west. 

21. Aji interesting feature of the volcanic history of the district is the 
occurrence of numerous " necks," which represent some of the pipes or 
orifices from which the lavas and tuffs were emitted. These are more 
abundant and striking round the escarpment of the hills between Strath; 
blaiie and Fintry. But some good illustrations occur upon the present 
• Map. Of "these the most conspicuous are the eminences of the Meikle 
Bin and Dungoil ; another rises' through the lower Eed Sandstone nortU 
of Kilsyth. But several smaller patches occur, some of them, indeed, 
too small to find a place upon the one-inch Map. They are filled either 
with some kind of lava-form rock or with agglomerate, sometimes with 
both. When the rock is a consolidated lava, it usually has the chiara<;ters 
of a felstone ; is yellow or grey in colour, dull, sparingly porphyritic, but 
with scattered granules of quartz. Sometimes, as in Dungoil, it assumes 
more of the dark colour and granular texture of a dolerite. Similar rooks 
pcQiir as intrusive dykes here and there throughout the bills. The agglo- 
merate is dull grey or greenLsh in colour, varying in texture from a fine 
breccia up to a coarse tumultuous mass, with blocks so large that they 
seem at first rather to be portions of intrusive veins than actually erupted 
fragments. These characters are well shown upon Meikle Bin, wh^rCj on 
the summit, and again on the northern shoulder called Bin Bairn, old 
volcanic pipes occur. But the most remarkable of the extinct orifices of 
eruption, uilike the others, does not form a prominent hill ; it lies in a 
great hollow of the hills between Dungoil and MeOde Bin, a little to the 
north of the summit level on the road between Campsie and Fintry. 
Crood sections have been cut across the rocks of this vent both by the 
iRiver Carron and by the Bin and Clachie Bums. In the Clachie Burn, 
bielow the turnpike road, some knobs of agglomerate are seen. But the 
same rock is better exposed in the bed of the Carron for nearly half 
a mile above the ford at Waterhead. In some places it is a coarse 
irregular agglomerate of the usual type found in the necks, but with a 
rather more crystalline matrix. At a short distance, however, from wher^ 
it has this character, it becomes so crystalline and altered as to be hardly 



recognisable, except by some of the sandstone or other blocks which have 
resisted the metamorphism. These sandstone fragments, however^ have 
been converted into ■ quartzite. Numerous small veins, of a pink or yel^ 
lo-wjsh felstone, traverse the neck, and appear likewise in the ordinary 
bedded porphyrites which surround it, and through which it rises. In 
the Bin Burn, most of the channel, where it crosses this interesting area, 
flows in alluvium ; but the same altered agglomerate is seen immediately 
above the alluvial plain, and it occupies some space in the bed of the 
Carron below the embouchure of the Bin Burn. Wherever sections have 
been cut by the streams into the surrounding porphyrites, these rocks are 
traversed by numerous veins of the pink or yellow felstone. There can 
be little doubt that we have here an important volcanic orifice of the Cal- 
ciferous Sandstone period. Probably the crystalline altered aspect of the 
agglomerate is to be attributed to the prolonged ascent of steam and heated 
vapours after the actual explosions in the vent had ceased. 

c. DisTEiCT OF Cathkin Hills. 

22. At the south-west corner of the Map another area of igneous rocks 
belonging to the Lower Calciferous series makes its appearance. These 
rocks consist of various kinds of porphyrite and melaphyre, arranged as 
regular bedded masses. Here and there they show thin intercalations of 
sandstone, grit, conglomeratic tuff, and tufaceous shale. They form a 
portion of the Carmmmock and Cathkin HUls, a general description of 
which has been given in the Memoir to accompany Sheet 23. The beds 
seem to dip at a low angle towards the south, and thus present an escarp- 
ment towards the north. They are everywhere cut off from the coal- 
fields by faults. 

Carboniferous Limestone Series. 

23. This division of the Carboniferous system is well developed both 
on the eastern and western sides of the great synclinal trough, forming in 
each case a more or less regular band. On the east side the strike of the 
rocks continues so little varied, and is to so small an extent interrupted 
by serious dislocations, that the limestone belt can there be followed in 
a tolerably even line from the northern to the southern margin of the 
Map. On the west side, however, owing to the numerous undulations 
and faults already referred to, it has been greatly affected in its course. It 
is least disturbed, and presents more of its normal characters at the north 
end of the line, in the neighbourhood of Denny, where it runs north and 
south parallel with the Millstone Grit and Coal-measures, with a breadth 
of about two mUes. South from the Carron, however, its breadth is so 
irregular, that while at Banton it hardly exceeds a mile, at Cumbernauld, 
two mUes further south, it exceeds six miles, and again, near Lennox- 
town, it diminishes to less than a mile and a haK. The threefold sub- 
division, so characteristic of this series of strata in Scotland, is well 
marked throughout the area included within the Map, — 1st, At the base 
lie some thicker limestones (three or more), notably the Hurlet limestone 
and coal, commonly taken as the basement bed of the whole series. These 
limestones are subordinate to sandstones and shales, and contain some 
coal-seams and ironstones ; 2d, A thick group of sandstones, shales, fire- 
clays, coal-seams, and ironstones. It is in this group that the chief coals 
and ironstones of the western and eastern collieries of the Map lie. 3d, An 
Xipper group of sandstones and shale, where some thinner limestones 
(usually three seams), with one or more thin coal-seams, are the most marked 
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strata. In describing the development of these groups across the ground it 
will be most convenient to parcel out the area into districts. (1.) The 
Eastern District may include the whole of the Carboniferous Limestone 
belt on the eastern margin of the Map. The western belt, owing to its 
irregularities, may be considered in separate districts, as — (2.) The Denny 
District, including that portion of the belt lying to the north of the Bank- 
nock and Dennyloanhead coalfield. (3.) The Cumbernauld and Kilsyth 
District, embracing the next section of the belt as far west as Kirkin- 
tilloch; and (4.) The Lennoxtown and Gadder District, including the 
femajning portipji of the belt along the western edge of the Map. 

«, The Eastern District. 

24. This long narrow belt naturally divides itself into three sections : 
■ — 1st, The central volcanic tract of the Linlithgow and Bathgate Hills ; 
2d, The coal and limestone area to the north, including the western part 
of the Borrowstounness coal-field ; 3d, The coal-bearing area to the soutji, 
including Bathgate, Blackburn, Stonyburn, and Levenseat. 

25. (l) The Linlithgow and Bathgate Hills. — Li the Memoir to Sheet 
32 a description has already been given of the structure of this range of 
high ground. To one who casually visits them these heights present so 
much irregularity of surface, and so many proofs of igneous action, that 
they may readily be supposed to possess a somewhat complicated geological 
structure. In reality, however, the igneous masses have not seriously 
disturbed the strike and order of the rocks. On the contrary, having been 
contemporaneously erupted as lava-streams and showers of volcanic dust, 
they have become interstratified with the limestone series, and have partaken 
with it in the movements by which its present dip, strike, and faulting 
have been produced. It will be observed from the Map that the lime- 
stone bands continue traceable through the hills, and that the general 
breadth of the belt there does not vary materially from that which it 
exhibits elsewhere, where, with a similar angle of inclination, no igneous 
rocks occur. In short, in the area of these volcanic hiUs various lavas 
and tuffs take the place of what would otherwise have been ordinary 
sandstones, shales, &c. 

26. Beginning beneath the base of the series, we find, as before re- 
marked, the upper portions of the Caloiferous Sandstones coming out 
from beneath the igneous rocks of the hills to the east of Bathgate. As 
shown in Sheet 32, there is ample evidence that volcanic action had long 
been rife in this area before the time of the Carboniferous limestones. 
The lower lava^sheets to the east of the Petershill Lime Quarries (for the 
reason referred to in par. 17) may be assigned to the age of the Calciferous 
Sandstone series. These consist of varieties of basalt, varying in texture 
from a compact black fine-grained rock to pale greenish earthy amygdaloid. 
They occur in beds sometimes separated only by the more slaggy portions 
at the top and bottom of each flow, sometimes by thin layers of a dirty 
green granular tuff, evidently derived from the trituration of such a rock 
as the green earthy amygdaloid. At the Kirkton Lime Quarries two 
seams of limestone, with associated shales and tuffs, are interstratified 
with the basalts. For details regarding these quarries and their rektion 
to the surrounding country, reference may be made to the Memoir on 
Sheet 32 {Geology of Edinburgh and its Neighbourhood, 1861, pp. 48 et 
seq.). It win be sufficient to notice here the general section at each 
opening, and the evidence of prolonged volcanic action in this part of the 
country. 

27. At the north end of the east quarry of Kirkton, upon the upper 
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surface of a somewhat decomposing basalt, the foUowing section may be 

observed : — 

Black compact columnar tasalt. . 

Green and black sandy shales, somewhat ashy in the npper part, containing 

well-preserved Lepidodevdrons, Stigmaria, Pecopteris, &o. 
Limestone, laminated fissile, with contorted laniinse, many of which have a finely 

mammillated or pisolitic surface. 
(Covered space. ) , , , i • ^ xr 

Alternating thin hands of limestone and soft green calcareous volcanic tutt. 
Limestone, varying rapidly in thickness (6 feet to 13 feet); hard, grey, with 

laminffi and lenticular nodules of chert ; cavities sometimes lined with mam- 

millary eaJcedony and crystallised calcite. 
Thin bed, made of layers of similar limestone (full of volcanic dust and lapilli) 

and tuff. 
Tuff, dirty green, concretionary, crumbling, seen at base of section and resting 

upon the next basalt-sheet. 

This section clearly points to prolonged and energetic volcanic action at 
the locality. The basalts are true lava-flows, the tuffs represent the 
successive showers of volcanic dust and deh-is ; while the limestones, as 
yet thoroughly barren of organic remains, appear to indicate the deposits 
of some geysers or thermal springs, the waters of which were charged, 
some with lime, some with silica, and filled a hollow on the hardened 
surface of a previous lava. That there was a forest or jungle at no 
great distance is shown by the number and excellent preservation of 
the terrestrial plants in the upper ashy shales. The uppermost basalt 
shows how the whole series of deposits, after doubtless a prolonged 
interval, was buried under a new outburst of lava. 

28. The space between the two quarries appears to be occupied entirely 
by basalt ; at least no other rock is visible, and the bottom of the road 
reveals everywhere projecting knobs of that rock. At the west quarry 
the foUowing section was formerly observable, though, owing to the 
growth of the wood which has been planted there, the strata are not so 
well seen now. 

Dark basalt (diabase). 
Limestone, with thin layers of green tuff. 

Limestone in thick beds ; contains eucrinites, corals, productus, &c. 
Thin shale. 
Green tuff. 

Limestone, ashy and especially fossiliferous at the top, more shaly at the bottom. 
Dirty-green, tine-grained, well-bedded tuff, containing a thin bed or vein of 
basalt 3 inches thick, and resting on a basalt-sheet. 

This marine limestone, containing characteristic Carboniferous Limestone 
species of fossils, brings before us a great change from the conditions 
under which the strata of the east quarry were laid down. We see here 
evidence, that after the eruption of the lava which entombed the geyser 
basin, the area became sufficiently depressed to allow the sea to cover the 
site, while, though volcanic eruptions continued, as shown by the inter- 
calations of tuff, the waters remained for long enough intervals sufficiently 
clear to permit the corals, crinoids, and other characteristic organisms of 
the sea of that time to flourish, and from their remains to form several 
beds of limestone. Eeference was made in par. 16 to the occurrence of 
marine bands in the Calciferous Sandstone series, and even of beds of 
limestone containing typical Carboniferous Limestone fossils. Since there 
is neither stratigraphical nor palaeontological break between these two 
divisions of the system any Ime of separation can only be drawn arbi- 
trarily. It has been found convenient to take as the demarcation a very 
persistent band of limestone, known generally in the west of Scotland as 
the Hurlet Limestone. Sometimes this is the last of the encrinal lime-- 
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stones, and it then 'beoomes a very evident and satisfactory boundary* 
Most frequently, however, one or more thin encrinal or productus lime;, 
stones occur below it, containing similar fossils, but partly from their 
local development, and partly from their thinness, being less easily trace- 
able. It is no doubt one of these lower bands which has been exposed 
in the west quarry of Kirkton. A few miles to the north a corresponding 
band occurs at Mid Tartraven (Sheet 32), but without the associated 
volcanic rocks so abundant southwards. 

29. To the west of the Kirkton Quarries the ground is mainly covered 
by various basalt rocks in successive sheets, dipping westward at about 
20°. Bands of tuff, sandstone, shale, or limestone, may occur in the 
longitudinal hollows between the outcrops of the basalts, but are not seen. 
The next visible stratum is the thick limestone of PetershUl, which is 
regarded as the equivalent of the Hurlet Limestone, and as forming the 
base of the. Carboniferous Limestone series. It is here from VO to 80 
feet thick, but this is quite an abnormal development, for it thins away 
rapidly both northward and southward. At Petershill it is overlaid by 
sandstones, shales, and ironstone of the usual character. It contains an 
abundant series of well-preserved fossils, and is seamed here and there 
with irregular layers and ragged flint-like nodules of chert. It can be 
followed northwards in a fine range of quarries for several miles as far as 
Hillhonse above Liulithgow (Sheet 32). In these openings an interesting 
opportunity is afforded of observing the rapid horizontal changes in the 
development of the volcanic rocks of the district. The overlying shales 
and sandstones continue to intervene between the limestone and the next 
succeeding sheet of basalt, but gradually diminish in thickness, nntil at 
the North Mine Quarry they are reduced to 20 feet, of which about half 
consists of layers of volcanic tnff. Four or five inches of coal occur 
almost immediately above the limestone here. At the same time a tuff, 
which is seen below the limestone at Galabraes, becomes thicker and 
more conspicuous towards the north. 

30. Another limestone imbedded among the volcanic rocks occurs above 
the main or Petershill bed at "Wardlaw. It is remarkable for the abun- 
dance of its corals, some layers of this rock consisting entirely ,of the 
close-set stems of lAfkostrotion irregulare. It seems to die out to the 
north and south ; at least it cannot be traced among the abundant volcanic 
masses of the district. The section at the old quarry of "Wardlaw is as 
f oUows : — 

Basalt, amygdaloidal and decomposing. 

Dark sandy shale, with calamites, producH, &c. 

Black pyritous shale, 3 or 4 inches. 

Impure shaly limestone, about 2 feet. 

Dark compact shale, 2 feet. 

Xiimestone, 15 feet, including a band of lithostrotion at the bottom, and a similar 

band 10 to 15 inches thick at the top. 
Light-greenish amygdaloidal basalt. 

31. Above the Wardlaw Limestone comes a further pile of successive 
sheets of lava and tuff, forming the highest parts of the Bathgate and 
Linlithgow Hills. These igneous masses occupy the place of the greater 
part of the Borrowstounness and Bathgate coal-beaiing series. Some of 
these upper coals, indeed, are found overlying the basalts at HUderstone 
HiUs and further north at Kipps ; but between the latter point and Lin- 
lithgow no sections occur to show that any sedunentary beds are inter- 
stratified with the great sheets of volcanic material A bore recently put 
down at the Mains Distillery went through successive beds of blue, green, 
and red " whin" (tuffs and decomposed basalt rocks), to the depth of 420- 
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feet, witliout meeting witli any other kind of material. And probably 
the bore penetrated only the upper part of the series. A very saline 
water rose in the bore, possibly due to the liberation of some of the salt 
incrustations formed during the eruption of the volcanic rocks.^ The 
■first -easily recognisable stratum overlying the thick volcanic series of 
these hills is the Index Limestone, so named from its serving as a guide 
to the position of the lower coals, all the more valuable of vi-hich He 
beneath it. This seam may be seen overlying the sandstone at 
Hilderstone Quarry; it has also been met with at the surface close 
to the old coal-pit at Kipps. It is succeeded by still higher masses of 
basalt rocks, over which lie the two well-marked limestone bands, known 
locally as the Dykeneuk and Craigenbuek or Bowden seams. The former 
can be identified with the Calmy or Ard-en Limestone of Lanarkshire, the 
latter with the Castlecary oT Levenseat band. Both seams are exposed 
in the ravine of the Eiver Avon below Muiravonside. The upper is well 
seen also at the Bowden Lime-works. The Castlecary limestone is taken 
as the top of the Carboniferous Limestone series and base of the Mill- 
stone Grit. 

32. (ii.) Western Part of Borrowstounness Voal-fldd. — To the north 
of the bills the volcanic masses rapidly diminish in thickness, while at 
the same time the normal strata of the Carboniferous Limestone series of 
the surrounding districts take their place. It will be observed from the 
Map that 'a considerable band, consisting partly of basalt and partly of 
tuffs, stretches northward beyond Linlithgow, as far as the shores of the 
Firth. This volcanic mass, measuring about 400 feet in thickness, 
divides the Borrowstounness coal-fields into two parts. (See Melnoir of 
Sheet 32, p. 62 e< seq.) Of the lower half, which -contains most of the 
coals and the most valuable seam of ironstone, only a small patch lying 
to the north of Linlithgow Loch comes into the present Map. Owing, 
however, to the deep covering of drift in the valley between the hills to 
the south' and those to the north of Linlithgow, it is impossible at pre- 
sent to draw any very satisfactory boundary Unes for the respective limits 
of the igneous and the sedimentary rocks. The rocks of Bonnington Hill 
(Sheet 32) probably slant southwards under the thick deposit of sand, 
gravel, and clay, and join the main volcanic mass of the hills somewhere 
between the east end of Linlithgow and the Mains Distillery. 

33. Of the portion of the Borrowstounness mineral field lying above tha 
central volcanic zone, the following is the section : — 

Craigenbuek or Castlecary Limestone, 7 or 8 feet. 

Strata — upwards of 300 feet. 
Dykeneuk or Calmy Limestone, 7 feet 

Strata — ^more than 400 feet. 
Index Limestone, 2 feet 3 inches. 

Strata — including two or more sheets of basalt — 140 feet. 
Splint Coal, 2 feet i inches. 

Strata— 100 to 120 feet. 
Upper Ironstone (1 foot 5 inches) and 7 feet coal. 

Strata— 60 to 70 feet 
Basalt-rocks. 

The Upper Ironstone crops out at Borrowstounness about 120 feet west 
from the parish church, where it runs inland for about half a mile, beyond 
which, towards the south, it passes into coal and shale. The Splint Coal 
has been worked from the sea for more than a mile inland. Southwards, 
however, considerable disturbance appears to have taken place, so that 
though coal seams have been found and worked, it is not always easy to 
parallel them -with those of which the position, is known in the more 

1 It contained 140 grs. of sodium chloride per gallon. See Proc. Boy. Soc. Ediiw 
vol. ix. p. 367. 
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regular part of the Borrowstonnness field. Between the Splint Coal 
and the Index Limestone a bed of basalt, about 50 feet thick, occurs 
at the Snab Pit. Either a diminished prolongation of this bed or 
a higher band occurs in a section at Kinneil Distillery. It ia almost 
immediately covered by the Index Limestone, which is here 2 feet 3 
inches thick, and contains abundance of the small variety of Froductus 
giganteus, crinoids, &c. From want of sections this seam, so useful as a 
horizon in tracing the structure of the coal-fields, cannot be followed inland. 
There appears to be some confusion in that direction, arising partly per- 
haps from a thinning away of some portion of the ordinary stratified 
rooks and the consequent approach of the volcanic sheets of Bonnytoun 
HUl, towards the line of the higher limestones on th6 Eiver Avon. There 
seems likewise to be some dislocation of thfe rocks about the position of 
the white line on the Map to the south of Swordie Mains. 

34. The strata overlying the Index Limestone have been quarried ex- 
tensively to the east of Kinneil Iron-Works. Eirst comes a bed of fire- 
clay, about 3|- feet thick, largely used for making bricks, &c. This is 
followed by a zone of coarse yellow sandstone, 79 feet thick. A seam of 
coal, about 2 feet thick, with a thin shale parting, lies about 14i feet 
above this sandstone in the Snab Pit section. This is probably the seam 
known as the Mount Hunger coal, which had formerly been worked to sctaie ' 
extent inland from Borrowstounness. Above this seam we enter upon a 
thick series of sandstones and shales, with a few poor thin seams of coal. A 
band of " whinstone," hke that below the Index Limestone, occurs on the 
coast a,t Snab, and runs inland by the Snab Pit. Another much thinner 
band crops on the beach, 150 yards to the south-west of Snab Cottiigei 

35. The limestone of Dykeneuk may be identified with the Calmy, 
Gair, Janet Peat or Arden Limestone of other parts of the great Scottish 
coal-fields. It consists of three seams, separated by shale (or " blaes "), 
as under ; — 
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The seam, dipping gently westward, runs inland under the deep cove? 
of boulder-clay, but has been laid bare by the Eiver Avon above Kinneil 
MiUs and at Little Mill, as well as in the course of a small brook which 
falls into the river from the north side between these two places. lb 
appears to have thinned out considerably in this part of its course. 
Possibly its formation may have been afiected here by a thick zone of 
green tufi', which lies almost immediately below it. It lecrosses the 
channel of the Avon about 200 yards below Linlithgow Bridge, but 
keeps parallel with the river, and is again exposed in the cliffs below 
Woodcockdale House. It has now recovered its usual triple division 
and thickness. It is last seen in the wooded bank below Easter Carriber. 
Erom that point the crop strikes south-eastward into Linlithgowshire. 
Unless, it disappears it must lie between some of the great parallel vol- 
canic bands ; but its course has not been made out. We do not again 
meet with it as a traceable band in the rest of the eastern part of the* 
Map, though it has been met with in several bores to the south of Bathgate; 
36. After an interval of more than 300 feet of strata, consisting of 
shales and sandstones with no important or marked seam of any kind, 
the uppermost limestone occurs. This may be confidently identified with 
the well knpwii Sastlecary or Levenseat Limestone. It begins on the 
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coast at Craigenbuck, where it is seen overlying the yellow sandstone 
which has there been quarried. The best section of it, however, is that 
in the cliff of the Avon close to the viaduct of the Slamannan and Bor- 
rowstounness Eailway. The following table shows the arrangement of 
the strata at that place : — 

Blue shale, 

Coarse clay ironstone, 

Hard blue shale, 

Eib of hard shaly limestone, 

Soft bluish shale, 
Limestone, grey crystalline, 
j Shale parting, 

Limestone, concretionary. 
Limestone, concretionary, 
Limestone, compact Bine, 

Shale, blue and pale grey, 

Shaly sandstone and dark shale, 

With the exception of the thin parting of shale, it forms one bed 
between 6 and 7 feet in thickness. Following the same course as the 
Cahny seam below, it strikes into Stirlingshire, but again crosses the 
Avon at the canal aqueduct and below the house of Muiravonside. Aa 
already mentioned (par. 31), it has been extensively quarried undei: thS 
basalt mass of Bowden HiLL 

37. (iiL) The Area to the South of Bathgate. — Partly owing to th^ 
thick covering of drift, and partly to the want of natural sections j little 
is seen of the limestone series between Bathgate and the southerri edge of 
the Map. The Main or Hurlet Limestone first appears near Eed House, 
about two miles and a half to the south-east of Bathgate, where it has 
been quarried to a small extent, and where its underlying coal-seam has 
a thickness of between 4 and 5 feeti It crops also in the channel of the 
Eiver Almond a quarter of a mile below Blackburn. In ths section cut 
by that stream there likewise appears, about 300 feet further east, a 
lower and much thinner oncrinal limestone, lying among grey shfiles, 
Two higher limestones may be seen in the same section. One of these, 
about 8 feet thick, crosses the river about 600 feet west from the Hurlet 
Limestone. It must lie about 250 feet above that limestone, with ^n 
intervening mass of shaly sandstones and shales. The highest calcareous 
band seen in the Avon section is a limestone about 1| or 2 feet thick, with 
a seam of coal (8 or 9 inches) lying below it. It occurs immediately to, 
the east of Blackburn, under the remarkable rock which is quarried as 
"lakestone " (par. 39). But probably still another limestone band crops st, 
little further west above Blackburn Bridge, at least, if no fault intervenes^ 
such a band, which is proved by borings to crop at Murrayfield, should cross 
the river there. These limestones no doubt represent the Hosie's group. 

38. The Hurlet Limestone is next visible in the Breich Water at Addi6- 
welL It is there associated with its accompanying strata as follows : — • 
The limestone can be followed southwards partly by quarries on its crap, 
and partly by pits which have been sunk to the Hurlet coaL It ctogses 
the Longhill Burn near the White Sykes, and then bends south-eastward 
into Sheet 31. The Breidh Water affords a good section of the inime- 
diately overlying beds. A 3 feet coal-seam .crops about 650 feet above 
AddieweU Bridge. A higher limestone (one of the Hosie's bands) crosses 
where the SkoUe Bum joins the Breich Water, and is well exposed in the 
channel of the lower part of the former stream. With it are associated 
some shales and a thin limestone band charged with fossils (see Appen- 
dix). What may be the same limestone is found close to the shooting- 
lodge on the small stream which descends to the east from Hendrey's 
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-Course. Abdve tlie position of this limestone a seajn of blind coal, 14 
inohes thick, is said to crop at Kirkhill The Longford main coal (S feet 
thick), the chief seam in the district, crosses the Breich Water about » 
quarter of a mile above the mouth of the Skolie Burn. Its outcrop 
strikes southward. 

39. In the lower limestone group of the area now described w© observe 
the most southerly prolongations of the thick volcanic masses of the 
Bathgate and Linlithgow Hills. Owing to the obscured nature of the 
surface immediately to the south of Bathgate, hardly any solid rook can 
be seen. But the ground has been extensively bored for minerals, with 
the result of showing that one or two bands of the lavas from the north 
run southward to about the neighbourhood of Blackburn. One of these 
forms the "lakestone" already referred to in par. 37, which has been 
largely used as a good material for the soles of ovens. A somewhat similar 
rock runs from the Breich Water southwards for two miles. This rock, 
as quarried near Blackburn, consists of two beds, or at least of an upper 
and under portion^ only the latter of which is used for oven-soles. This 
part is a serpentinous rock, dull greenish-black in colour, speckled with 
crystals of augite and oUvine, soapy to the touch, and traversed with 
threads of chrysotile. Under the microscope it is seen to consist of ik 
serpentinous ground- mass, through which are dispersed numerous crystals 
ef olivine almost entirely serpentinized, well preserved crystals of augite:, 
abundant prisms of apatite, with some titaniferous iron ; occasional 
scales of biotite, and minute prisms of a brown strongly dichroic mineral, 
which may be hornblende. The rock seems to have been originally an 
augitic-olivine rock, and to approach most closely to Gtlmbel's palseopi- 
trite. It is the only example of such a rock at present known to occur 
in central Scotland. The upper part, or bed of the rock, resembles 
some of the altered basalts or diabases of the district. It consists of 
abundant triclinic felspar and augite, both in small prisms, Isffge crystals of 
olivine altered into serpentina, a little titaniferous iron or magnetite, and 
a little apatite: There is a little glassy ground-mass. 

40. The three limestone bands of the upperniost group of the Carboni- 
ferous Limestone series have not been traced continuously south from Battu- 

fate^ owing partly to the depth of drift, and partly to the scantiness of 
orings and other trials for minerals. That they do reach beyond Bath- 
gate Is, shown by the fact that they have all three been found in bores to 
the east, of Durhamtown. A limestoiM, perhaps the Index seam, has 
been cut in some borings to the north of Burnbrae. 

41. The highest, or the Levenseat Limestone, however, appears in, force 
towards the southern margin of the Map, where a part of the Wilsontown 
field is shown, a description of which has been given in the Memoir ex- 
planatory of Sheet 23. It is well seen at Levenseat (whence its. local 
name), the section there being, a^ folbws ;— 

Inches. 
Eoulder-elayy .,,,.,. 

Sandstone debris and blocks, 

Sandstone with faikes, and sandy and shaly partings. 

Grey fireclay, . 4 to 6 

Black shale, 3 to 4 

Daugh, or dark dirty shaly fireclay, . . . 2 to 4 

Black oil-shale, 5 to 7 

Shaly fireclay parting, 1 to 3 

Limestone, , . 9 feet. 

Shale, ....•• • - 

Another limestone has formerly been worked, but to a small extent, » 
little to the east of Levenseat, near Whitehouse.. This appears to be the 
same seam as the Gair limestone of Caduke (see Memoir explanatory of 
Sheet 23). 
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h The Denny District. 

42. Under this division is included that portion of the Carboniferous 
Limestone area which runs from bhe northern edge of the Map southwards 
to the Banknock and Dennyloanhead coal-field. Its western boundary is 
formed by the volcanic masses of the Kilsyth Fells, on the south it is 
truncated by a large fault, on the east it dips below the Millstone Grit. 
The annexed table gives the nature and order of the chief strata composing 
the Limestone series of this district. 
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43. The Hurlet Limestone is the lowest recognisable bed in tbe series, 
all below that horizon being concealed by a great intrusive sheet of basalt, 
which, though now much interrupted by faults, once extended con- 
tinuously from Coney Park, at least as far north as the Abbey Craig at 
Stirling (Sheet 39)-. The limestone is seen in the bed of the tDarron 
Water, lying above the basalt rock and much altered. A few yards to the 
north it is cut out entirely by that rock, and the sandstone in connection 
with it is altered into a hard quartz-rock. The " Hosie's " seams are re- 
|)resented by a few thin bands seen in the Carron, where they occur among 
Sandstones and shales with a few thin nodular bands of clay ironstone. 
To the north, and just about the edge of the present Map, they are much 
thicker, and have been largely qiiarried at Northfield and Quarter. 

44. The middle group shows a considerable diiference from the arrange- 
ment that obtains in the Kilsyth district immediately to the west (see par. 
46). Only two seams of black-band ironstone occur : they lie about the 
horizon of the three upper ones at Kilsyth, but it is not easy to determine 
which of these three seams they represent, as the latter are dying out 
northwards. Ifo. 4, or the Banton Ironstone, so important in the Kilsyth 
field, is either not presisnt or not recognisable. None of the coal-seams of 
Kilsyth are workable at Denny, and many have either died out altogether, 
or are represented by beds only a few inches in thickness. The only 
seam at present worked is the Bannockburn Main Coal, which occupies 
the position of one of the Highland Park seams of Kilsyth. Denny thus 
seems to occupy an intermediate place between Kilsyth on the one hand 
and Bannockburn on the other, the beds of both fields being thin where 
they overlap or dovetaU. Near Low Quarter numerous clay-band iron- 
stones are seen in the bum, and have been wrought by the Carron Iron 
Company. They probably represent some of the Banton clay-bands. 
The southern extension of the Bannockburn coal-field enters the present 
Sheet for a short distance until cut oS by a large fault. It wiUbe treated 
tif in the Explanation to Sheet 39. 

45. The Index Limestone, which forms the base of the highest group, is 
persistent through'the field, ■ and taken in conj unction with a massive sand- 
Stone or grit which vmderlies it, forms an unmistakable horizon for those 
tn search of the lower seams. The Calmy or Arden Limestone is accom- 
panied by its two coal-seams, the Upper Hirst aud Lower Hirst, as at 
Kilsyth and in the Bannockburn field. The Castlecary Limestone, where 
exposed at Doghillock, presents much the same characters as at Castlecary. 
North of that point, however, it splits up into several seams, each separated 
from the other by a considerable thickness of intervening strata, Tlie 
higher part of this group consists greatly of sandstones, which appear to 
be swelling out northwards. At the edge of the present Map, and in Sheet 
39, they are extensively quarried. Except as regards the presencis of the 
limestone, the conditions of deposit seem to have been very much like 
these which produced the overlying Millstone Grit. 

C. CUMBEKNAULD AND EjLSTTH DjfSTRICT, 

46. This district embraces the Carboniferous Limestone areA lying 
between Kirkintilloch and the Denny district. It is bounded on the 
liorth by the large faults which separate it from the older rocks of the 
Kilsyth Fells ; on the south by the long fault and basalt dyke, which cut 
the Stirlingshire coal-field ; on the east by the MiUstone Grit under which 
it dips ; while on the west it is separated by no proper line from the 
Lennoxtown district, into which it merges. The succession of the beds is 
shown in the following table. In preparing this table details were obtained 



from borings, &c., of the strata from, the Castleoary Limestone to the lower 
Hirst coal. From that point down to within twenty-three fathoms of the 
Index Limestone, where no such inforniation was obtainable, the nature 
and thickness of the beds has been made out from the study of their oui? 
crops. Below this interval details are given from mining operations 6s iai 
as the Ki!Syth Main Coal. The section has been continued downward to 
show the relative positions of the Limestones of the lower group, though 
no bores were procured to illustrate the nature of the intervening strata. 

Vertical Table of the Qarh&iiifetous Limesione Series in the Cumbernauld 
and Kilsyth Distri,ct. 
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No. SIroilstone, Black-band (coal and ironstone) 
"Neilston," 

Strata — ^including three clfty-band ironstones 
of an aggregate thickness of 4^ inches. 
Coal, ... ..... 

Smithy cod, (Highland Park seams. 

Strata 1 Position of Bannockburn 

I Coal, "Neilston," ( and Denny seams 
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Strata — Position of Banton clay-band iron 

stones, 

No. 4 Ironstone, "Banton black-band," 
Strata, ... . . 

Coal, "Banton Upper Smithy," . 

Strata, ...... 

Coal, Kilsyth caking or main, "Banton Main 
Strata, . . ... 

Banton Smitliy Coal, .... 

Strata, 

'Hosie's Limestones, in two or three thin bands, 
separated by various thicknesses of strata, 
One of the intermediate masses is a thick 
zone of blue shales, with numerous bands of 
clay-ironstone. 
Strata, 
Hurlet Limestone, 
Strata, 
L Limestone, . 

47. The dip of the rocks being on the whole towards the east, the 
lowest portions of this limestone series are met with in the western parts 
of the district. It will be seen from the Map how much these western 
and northern tracts have been broken by faults, invaded by intrusive 
igneous rocks, and formed into small basins. The lowest of the three 
limestone groups is only exposed here in three different places, where its 
strata peep out against the large fault which flanks the Campsie Hills. 
These are most typically seen in the Corrie and Queenzie Burns, and their 
tributaries between the two parallel faults. There, immediately overlying 
the tuffs of the Cement-stone group, a thin white concretionary limestone 
occurs full of encrinite-stems and corals. A few fathoms higher a thick 
bed of blue limestone has been extensively quarried. It represents the 
Hurlet Limestone. Not more than ten feet of alternating beds of lime- 
stone and shale are visible, the base being never exposed. For at least 
fifty fathoms in ascending order, the succeeding strata consist more or 
less of blue clay-shales, with nodules and bands of clay ironstone, with 
at least three thin bands of limestone known as the "Hosie's." One of 
the above-mentioned burns exposes a cliff of from 80 to 100 feet of these 
blue clays, with layer above layer of clay ironstone nodrdes. Towards 
the upper limit of the Hosie's Limestone, the intervening strata contain 
several beds of sandstone. One band of sandy shale is crowded with a 
Lingula. Two of the Hosie's bands were formerly wrought near Banton, 
and burnt into a hydraulic cement. Near Banton the Hurlet Limestone 
is scarcely recognisable even as a limestone, for at the only place where 
it is exposed, in a smaU burn which enters the Banton coal-field, it is 
greatly altered by contact with a basalt dyke. 

48. A marked characteristic of the strata of this district is their richness 
in the economic minerals belonging to the middle group of the Lime- 
stone series — more especially in Black-band ironstone — four different 
seams of which are wrought in the district. Those numbered from 1 to 
3 occupy the horizon of the well-known Possil bands. They are very 
variable in thickness and quality, even in the same coal-field. For 
instance. No. 1 dies out to the west, and number 2 becomes the upper 
ironstone at Gartshore. No. 4, or Banton Black-band ironstone, is also 
local, though where found it is of remarkably good quality. The clay- 
band ironstones are even more variable, for in the Banton part of the 
district there occiu-s a horizon of several fathoms of shales, with at least 
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ten or eleven 'bands of clay ironstone, which were formerly wrought by 
the Carron Iron Company and made into excellent iron. Some of the 
bands were at least one foot thick, and exhibited cone in cone structure. 
In the neighbourhood of Kilsyth these have either entirely disappeared, 
or are only represented by one or two intermittent bands. The coals seem 
to behave very much in the same manner ; a seam which is workable at 
one end of the field being often found thin and worthless at the other. 
Almost every colliery has a seam called after itself, and which is seldom 
workable anywhere else. The Banton Main, or Kilsyth Caking Coal,_ is 
the most persistent, as well as the best and most sought after. From its 
caking nature it is considered almost as good as the best Newcastle coal, 
and commands a ready sale in Glasgow as a house coal, whither there is 
an easy carriage by canal. The dross makes a good coke for foundries, 
(fee. In connection with the variable nature of the coal-seams of the dis- 
trict, it may be as well to mention that the coals which occur between Nos. 
3 and 4 ironstones were formerly wrought near Kilsyth, under the name 
of " Highland Park" seams. Even there they were thin; but at Banton 
they are only a few inches thick each. At Denny and Bannookburn 
(Sheet 30) they swell out, and form the workable seams of those districts. 
49. The members of the upper group of the Limestone series make up 
a considerable part of the surface of the district. The lowest bed is the 
Index Limestone, which, though thin, is of good quaUty, and was quarried 
formerly at Dullatur, on the railway, about midway between Castlecary 
and Croy. It is of more value, however, as a horizon or "position " than as 
a source of Ume, lying as it does just above the economic minerals of the 
middle group. About 70 to 80 fathoms above it comes the Calmy or 
Ardeii Limestone. It is made up of three thin layers, separated by part- 
ings of blue shale.' It is not now quarried here, though, to judge from 
the number of openings along its outcrop, it must have been extensively 
wrought in former times. The chief interest of this band now is that it 
has two coal-seams associated with it, at a depth of a few fathoms beneath 
it, which are much sought after in the neighbourhood of Cumbernauld. 
They are known as the Hirst Coals. The upper one is the thicker ; but 
the under one, having the quality, so rare in Scotland, of caking, is con- 
sidered the better. The strata above the Cakay Limestone are thin to the 
south of the district, and thicken out rapidly northward. The uppermost 
bed is a limestone known as the " Castlecary Limestone," from its being 
extensively mined there. It too is thin at the southern margin of the 
area, being not above ] 8 inches to 2 feet thick. At Castlecary, where 
it consists of three beds of different quality, separated by shaly partings, 
the aggregate thickness of the limestone bands amounts to 7 feet. It 
makes an excellent lime when burnt, and is also good as a flux for iron- 
making, for which purpose it was employed by the Carron Iron Company. 

d. Lbnnoxtown and Caddbb District. 

•50. A portion of the Campsie mineral field comes into the area of the 
present Map, with Lennoxtown as its centre. It wiU be seen that the 
large faidt bounding the southern edge of the Campsie Fells forms the 
northern limit of this limestone district, the Hurlet coal and limestone, 
with the Hosie's and overlying seams, being abruptly truncated against 
the base of the steep slopes. From that sharply defined boundary-line 
southward by Lennoxtown, the strata lie as a flat cake, which has been 
trenched in many places by descending water-courses, and has been 
hjOUowed out into the valley of the Glazert. So gentle is the inclination 
that the coals and other seams have been worked from side to side of the 
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south hill of Campsie, which is thus undermined in all directions. The 
sinuous outcrops upon the Map are consequently the result of the irregular 
denudation of the district, rather than of any marked change in angle or 
direction of dip of the rocks. Tt will be observed, too, that num,e?ous 
dislocations have broken up this outcrop into many detached portions. 
A section, drawn from the base of the hills above Lennoxtown due 
south to the Kelvin, shows the Hurlet Limestone lying against the older 
porphyrites, followed underneath by its well-known coal-seam, and then 
by the White Limestone and other lower strata d.own to thft massive 
white quartzose sandstone of Craigend Moor, which forms the floor of the 
valley. The sanie series of strata rises bed above bed on the southern 
side of the Glazert, passes, under the South Hill, and reappears on the 
southern slopes of that ridge which repeats the section at Lennoxtown. 
But a large fault now interferes ; the whole of the lower limestone groups 
are thrown down, to the south, and, after a space of less than a mile, the 
uppermost or Calmy Limestone appears overlaid by the Millstone Grit. 

51. It i§ thus particularly the lower portions of the Carboniferous 
Limestone series which are developed, in this district. The following 
table represents th,e general order of succession among the bediS :— = 
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Section of Strata near Lennoxtown. 

Shalea a,n(5 ironstone laands, 

Hosie or Waok limestone, 

Shale, with four bands of clay ironstone, 

Blue shales with partings and nodules of clay ironstone, 

Hurlet (Campsie Main) limestone, 

Alum shale, 

Hurlet or Main coal. 

Under clay, 

White (entoinostracan) limestone, 

Hard flinty sandstone {" K ingle "), 

Shale, .... 

Limestone (encrinal), 

Sandy shale (" Fakes "), 

Alum shale, 

Parrot coal, 

Common coal, 

Fireclay, 

52. The sections in some of the water-courses which have been cut 
into the south hill show the existence in the district of a number of 
thin encrinal limestones, with associated shales and thin coals below 
the horizoiji of the Hurlet Limestone.' Below these marine strata lie the 
massiye white sandstones and conglomerates of Craigmaddie Moor, among 
and below which many other thin limestones a,nd shales have been met 
with in boring. All these rocks, however, are later in date than the 
volcanic sheets of the Campsie Hills, on which they may be seen dis- 
tinctly to rest at the west end of Craigmaddie Moor. 

53. The limestones have been opened in many quarries, though these 
are now in large measure disused. The alum shale has long been exten- 
sively worked. It sometimes reaches a thickness of 14 feet, but only the 
lower pyritous portion near the coal is profitably extracted. The presence 
of so much sulphide of iron destroys the value of the Main coat That 
seam was formerly extensively worked in this district, but is now super- 
seded by better coal brought from other coal-fields by railway. The 

1 See a paper on the Campsie District, hy J. Young, Trans. Geol. Soc. Glasgow, 
vol. i. 
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nodular clay-band iranstones, below the Hosie's Limestone, were also at 
one time mined to a considerable extent ; but the workings have long 
been abandoned, 

54. South of the tongue of Millstone Grit, which runs down the valley 
of the Kelviu, the upper liruestoue group occupies a sinuous band along 
the edge of the Map, as far as the great fault which runs iu an east 
and west direction through Hogganfield Loch. The uppermost or 
Castlecary Limestone has not yet been identified iu that quarter, so that 
the Calmy or Eobrqyston Limestouej with its associated coal, is tEdkeii 
here as the tqp of the Carboniferous Limestone series, 

Millstone Grit, 

55. This formation consists here of a group of grey, white, yellow, and 
sometimes red coarse-grained sandstones, shales, fireclays, thin beds of 
more or less impure limestones, and some seams of coal. It is known 
locally as the " Moorstone rock," from the fact that the ground which it 
underlies forms tfacks of bare moor, with protruding knobs of tl^e harder 
sandstones or grits, except where, as in the low couutry near the Forth, a 
superficial covering of boulder-clay or other drift obscures the strata below. 
Everywhere within the area of the present Map this sandy series intervenes 
between the Carboniferous Limestone series below and the Coal-measures 
above. Nevertheless, its position on the surface is not that of a continuous 
and nearly equal band. Owing partly to changes in the angle and direction 
of the dip, partly to unequal denudation, and partly to the effects of many 
transverse faults, the strip of MUlstone Grit has acquired a broken sinuous 
course. It is most regular on the east side of the great Coal-measure basin, 
being there continuously traceable across the Map, in a, north and south 
direction from the Firth of Forth into Lanarkshire. For a short space 
north of Falkirk, cutting across the Coal-measure tria,ngle which it thus 
divides into two, it joins the western band. On that side of the basin its 
course, as shown on the Map, becomes exceedingly irregular. A tolerably 
uniform belt of the Millstone Grit runs indeed from Torwood southward 
to the great basalt dyke and fault at the southern end of Fannyside Moor. 
But by that dislocation it is cut completely across and shifted westwards, 
the Carboniferous Limestone series and Coal-measures being for nearly two 
miles brought directly against each other. From this point the band 
turns to the west as far as the line of the Eobroyston Limestone between 
MiUerston and Kirkintilloch, but sends a long tongue northwards and 
eastwards up the vale of the Kelvin. There are thus three well-ma,rked 
tracts of Millstone Grit in the present district. 

56. The eastern tract from the Gladsmuir Hills to the Forth forms a belt 
about eighteen miles long, averaging rather more than a mile in breadth. 
The only minerals worked in this band are a seam of clay-ironstone 
nodules, known as " Thomson's Balls," or " The Ginstone," which were 
formerly mined near the village of Greenburgh, in the vaUey of the 
Breich Water ; and the Curly or Curdly ironstone. This last-named seam 
is a clay ironstone of irregular thickness, which occurs lower down in the 
series. It has been worked in the moory tracts that lie between the out- 
crop of the Levenseat limestone and Muldron. There are about 30 
fathoms of strata between the Ginstone and the Curly ironstone. 

57. The north-western tract, including aU the areas that appear to the 
north and north-west of the Coal-measures, is notable for the excellence of 
its fireclays. These are worked chiefly at Garnkirk, Gartcosh, Glenboig, 
and Gartverry. Several beds are worked as under : — 
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Fms. Ft, 111. 

Garnkirk upper woi king, .... 1 1 7 

Strata, ... ..730 

Garnkirk under or Heathfield upper working, 15 1 

Strata, 27 

Gartoosh upper working, .... 3 3 

Strata, 3 

Glenboig upper working, . . 1 2 10 

Strata, 6 3 

Gartcosh middle or Glenboig lower working, 18 

-Strata, ' . 22 3 

Gartcosh lower working, .... 4 2 

Strata, ... 2 to 5 
Carboniferous limestone series. 

As already stated (par. 54), the base of the Millstone Grit in this portion 
of the Map is not marked by the same limestone as in the central and 
eastern parts of the district. The highest (Castlecary or Levenseat) lime- 
stone has not been traced in this western area, where consequently it 
has been necessary to take the next seam below it (the Eobroyston or 
Calmy). 

58. In the northern tract, or that which forms the western boundary of 
the Falkirk coal-field, the strata consist as usual mainly of thick coarse 
sandstones, with partings of shale and fireclay, and occasionally of coal- 
seams and clay-iionstones. Of the ironstones one seam is so calcareous 
that it can be used as a cement, and is known as the " Eoman Cement." 
A curious bed of ironstone seems to have been wrought on Fannyside 
Moor, at the west end of the lochs. Fragments of a brown pisolitic and 
concretionary ironstone are there found among rubbish heaps. This 
would seem to be an extension northwards of the Curly or Curdly band iron- 
stone alluded to in par. 56. To judge from the "smuts," a coal-seam 
must also have been formerly wrought in this series near AbronhiU. In 
no part of the district contained within the Map can the characteristic 
features of the Millstone Grit, or " Moorstone Eock," be better seen than 
in the range of high ground stretching north from Fannyside Moor to near 
Bonnybridge, and again in the uplands of Torwood. On this side of 
the coal-field it seems to be thickening out towards the north, for on 
the farm of Drum, four miles S.W. from Falkirk, the distance from 
the slaty-band ironstone (the base of the coal-measures) to the Castlecary 
Limestone is about 90 fathoms, while to the north of Larbert the distance 
between these two seams is much greater, 

Coal-Measures, 

59. The Coal-measures occupy rather more than half the area of the 
Map, and form, strictly speaking, merely a continuation of the great Clyde 
basin (see Sheet 23). Examined in detail, this northern prolongation of 
the Clyde basin is found to consist of a number of subsidiary basins. 
Thus we have first, the Clyde basia proper, the deepest portion of which 
is in the vaUey of the Clyde near Uddingston. It is bounded on the 
north by the large fault that runs east from Hogganfield Loch to New 
Monkland ; and on the east by the broken anticlinal axis that strikes 
north from the South Calder near Murdoston, by GoodockhiU, Clarkston, 
and Eawyards, untU it meets the large fault near New Monkland. The 
basins lying north and east of this are neither so deep nor so well defined, 
owing to rapid undulations of the strata, which bring up the same beds 
a^ain and again to the surface. This is well shown in the moory tract 
between Stand and Binniehill, where several broken and interrupted 
basins appear, which, however, form in reality only one main basin, 
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•wliereof the deepest part lies near Arden. The cohhection of this basin 
with the coal-fields of Shotts, Fauldhouse, and Torbanehill is obscured by- 
great intrusions of basalt, and probably also by dislocations. Disregard- 
ing minor undulations, however, it is still possible to trace the outline of 
one main basin which includes all the coal-fields just mentioned. The 
lip of this basin is formed in the west by the broken anticlinal axis which 
separates it from the coal-fields of the Clyde. Followed southwards, the 
strike gradually swings round to the east, the beds rising up so as to dip 
northwards at Stane. Thereafter, the eastern margin of the Coal-measures 
forms the edge of the basin as far as the basalt dyke. This dyke, which is 
also a line of dislocation throughout the greater part of its course, coincides 
(near Slamannan) with another anticlinal axis that forms the northern 
boundary of the basin. The deepest part of this composite and irregular 
basin lies, as before-mentioned, in the moory ground near Arden, from 
which point the beds flatten out with many undulations towards the east 
and south-east. 

60. North of the long basalt dyke between Slamannan and Falkirk 
we find another basin, which, if of less extent than the one just described, 
is better defined. Part of a fourth basin is seen at Carron. It is 
separated from that of Falkirk and Slamannan by a ridge of Millstone 
Grit, and forms a portion of the Stirling and AUoa coal-fields. The only 
other basin shown upon the Map is the smaU isolated one near Denny- 
loanhead. 

61. The Coal-measures consist of two groups : First, an upper set of 
reddish sandstones, arenaceous shales, fireclays, and sandy marls, with 
now and again a thin seam of coal ; and, second, a lower group of white 
and grey sandstones, flags, dark bluish-grey and black shales, fireclays, 
and numerous seams of coal, as well as black-band and clay-band iron- 
stones. The upper group probably rests unconformably upon the 
lower group, but the unconformability is so gentle that it might readily 
escape notice in this part of the coal-field area of Scotland. It is better 
marked in the region embraced by Sheet 23, and still more decidedly in 
the coal-fields of Ayrshire. The coal-fields in the present Map will be 
arranged for convenient description nearly as in the separate basins men- 
tioned above, namely — 1. The Clyde basin ; 2. the North-central basin, 
embracing the mineral fields of Arden, Stand, Greengairs, Binniehill, 
Armadale, Grangemouth, Carron, Torbanehill, Fauldhouse, Bowhousebog, 
Shotts, and Benhar ; 3. the Falkirk and Slamannan coal-fields ; 4. the 
Coneybank and Banknock basins. 

1. The Clyde Basin. 

62. This basin includes the coal-fields of Cambuslang, ToUcross, 
Shettleston, BarUieston, Coatbridge, Airdrie, Calderbank and ChapelhaD, 
Holy town, Newarthill, Cleland, &c., and those in the centre of the basin 
around Uddiugston. Full descriptions and details of these coal-fields will 
be given in the extended Memoir ; all that can be done here is to show 
the general succession of the seams that occur within the limits of this 
basin, and the others that fall to be described in this Memoir. It is in 
the neighbourhood of the Eiver Clyde that the Coal-measures attain their 
greatest thickness — ^the Upper Eed Sandstone series coming on in con- 
siderable force, so as to cover a wide area in the centre of the basin. 
These beds are represented on the Map by the darker shade, and it will 
be observed that owing to powerful faults they reappear to the north of 
the principal or central area, forming a broad belt or band that stretches 
from the east end of Glasgow, past BaUlieston and Old Monkland, to 

C 
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Woodliall. The distance between the base of the red beds and the upper-, 
most coal-seam is variable, reaching from a few fathoms up to 40 or 50. 
fathoms. 

63. The following table gives the names of the various seams of cpa.1 
and ironstone which occur within the area of the Clyde bgsin, so far as, 
that is represented upon this Map. The thicknesses given are averages. 
This table should be compared with that which is given in the Explana,-. 
tory Memoir to accompany Sheet 23, at p. 36, 



Med Sandstones, ^c, 

I*alacecra,ig Ironstone ; a Wacpand of local occurrence at Palace-. 
o];aig and Faskine, North Calder Water, 

Strata, , 

Upper Coal ; worked chiefly near GlasgoWj where it attains 5 ft. 
in thickness. In the southern and eastern part of the basin it is 
thin, generally of poor quality, and unworkable, 

Strata from 16 fms. to 20 fms., 

Ell Coal ; extensively worked ; varies in thickness from 2 ft. 2 in. 
to 10 ft. Now and again it is divided by partings into, two, three, 
and sometimes four seams. In some parts of the basin it is con-, 
sidered unworkable, . . ... 

Strata from 6 fms to 8 fms. , . .... 

Pyotshaw Coal ; extensively worked ; varies in thickness from 
3 ft. to 6 ft., . 

Strata, from a^mere parting of an inch or so up to 8 fms., 
Main Coal ; extensively worked ; varies in thickness from 2 ft. 

to 5 ft. 6 in., . . . ., 

[The Pyotshaw and Main coals frequently come together, so as 
to form one seam, with an average thickness of 4 ft. or 5 ft. 
Ocasjonally the Main coal is separated into two seams by the 
intercalation of a parting from a few inches to a foot or more in 
thickness. ] 

Strata, from 8 fms. to 10 fms., 

Humph Coal ; very little worked ; wanting in some places ; vaiies 
from 2 ft. 4 in. to 3 ft. ; som,etimes divided by a parting into two 
seams, ........... 

Strata, from 4 fms. to 7 fms, , . . . 

Sphnt Coal ; extensively worked ; varies in thickness from 8 ft. 

to 5 ft. 3 in. , 

Strata, from an inch to 3 fms., ...... 

"y^irgin. Wee, or Soui'milk Coal ; varies in thickness from 1 ft, 
6 in. to 2 ft. 8 in. ; worked chiefly in the northern part of the 
basin ; sometimes coalesces with the Splint coal so as to form with 
it a seam 7 ft. in thickness, .... . . 

Strata, from 9 fms. to 14 fms.,, . ' .... 

^rdrie Blackband Ironstone ; varies from 1 ft. or so to 
6 in. ; worked chiefly in northern part of basin, . 
Strata, from 12 fms. to 21 fms., 
Ifewarthill and Cleland Eoughbaud (Ironstone) ; a 
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seam ; from 2 iiL to 8 in. , 

Strata, from 9 in. to 2 fms., 
VirtueweU Coal ; varies from 2 ft. to 2 ft. 6 in. [the same coal 
as the Benhar and Johnstone seam of " North-central Basin, and 
Diamond seam of ' ' Falkirk and Slamannan Basm "] ; worked 
pretty generally in the shallower parts of the basin, . 

Strata, from 3J fms. to 5 fms. 

Bellside Ironstone ; varies from 5 in. to 9 in. ; a local seam, 
worked only at GreenhiU and Bellside, east of Newarthill and 

Gleland, . •.•.•„-' 

Strata, from 11 fms. to 13 fms., . . . ■ 
Kiltonsue Musselband Ironstone and Oil bhale ; worked 
chiefly in the Airdrie district; varies from 1 ft. 4 in. to 1 ft. 8 in.. 

Strata, from 4 fms. to 7 fms 
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Kiltongue Coal ; worked eliiefly in Airdrie and Coatbridge dis- 
triet; varies in thickness from 2 ft. 6 in. to 6 ft. ; occasionally 
splits up into two or more seams with thin partings hetween them ; 
same seam as Castlehill 1st seam (Carluke, Sheet 23); [at Calder- 
tank a blackband ironstone, 9 ins., with associated "gas" and 
"free " coal (known as " Calderbraes " and " Kenuelburn " ii 
stone), occupies the position of the Kiltongue coal], . 

Strata, from ii fms. to 7 fms., 

Upper Drumgray ; same seam as "Furnace coal" of Shotts 
" Coxroad coal " of Slamannan, &c., and "Castlehill 2d seam' 
(Sheet 23); very little worked ; varies from 1 ft. or Ipss to 2 ft. 
6 in., .,....-••• 

Strata, from 4 fms. to 10 fms., 

Lower Drumgray; same seam as "Smithy coal" of Sliotts> 
"Low Coxroad or Balmoral Coal" of Slamannan, &c. , and 
"Castlehill 3d seam" (Sheet 23); sparingly worked in north and 
north-east portions of the basin ; varies from 2 ft. to 2 ft. 8. in. , 
Strata, from 35 fms. to 45 fms. , containing several thin seams 
of coal, none of workable thickness, which are the repre- 
sentatives of the seams worked at Shotts and Fauldhouse, 
Upper Sla,ty Ironstone, of Stepends and Loadmanford; same 
as " Bowhousebog" seam (Sheet 23); varies from to 3 ft. 6 in. ; 
a very irregular seam, but, say . ... 
Strata, from 16 fms. to 17 fms., ... 
Lower Sla,ty Ironstone ; worked along the eastern margin of the 
basin, at GoodockMU near Salsburgh; a very irregular seam, 
sometimes replaced by a thin coal ; varies in thickness from to 
8 feet, thinning and thickening out often very rapidly in one pit- 
working, — say, 
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64. Tte Clyde basin is interseoted by numerous faults (see par. 89), 
many of whicli ooinoide approximately with the strike of the strata, and 
thus have the effect of repeating the outcrops, as it were, again and again. 
A glance at the Map wUl show the same seams cropping out successively 
as the beds are traversed by the strike-faults. Thus the Coals which crop 
at ToUcross are thrown down to the north by a great east and west dis- 
location, and they again rise to the surface north of Shettleston. The 
same phenomena are seen to stiU better advantage in the Coatbridge and 
Airdrie districts, the crops being repeated there at least five times by step 
faults. The basin is bounded to the north by a great fault, which has 
cut off the extension of the coal-bearing strata in that direction ; while a 
similar large fault brings down the Coal-measures against the igneous rocks 
of the Cathkin Hills, Intrusive sheets and dykes of igneous rock occur 
now and again, especially in the north and north-east parts of the basin. 
Where these rocks appear at the surface they are indicated by the dark 
crimson-lake colour, but in many cases the intrusive rocks do not show 
at the surface, andiheir existence is only known from their having been 
passed through in pits and borings. As a rule, the coals that occur in the 
vicinity of intrusive sheets have been rendered useless, overlying seams 
having usually suffered more than those which lie beneath the igneous 
masses. The vertical dykes have as a rule affected the coal-seams only to 
a trifling extent., Now and again what are called " wants" occur in the 
coals. These indicate, in some places, old water channels which existed 
at the time the coal was being accumulated ; in other places they point to 
the action of running water, which washed away the coal soon after it 
had been formed. The " wants" are usually composed of sandstone, clay, 
or shale. " Sand and clay dykes," again, are deep channels or ravines 
and guUies which have been excavated down through the strata from the 
surface, by the action of streams and rivers, at a comparatively recent. 
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date, and whicli have subsequently been filled up with sand, clay, and 
other detritus (see par. 97). 

2. The North-Central Basin. 

65. This "basin includes the coal-fields of the moory tracts to the north 
of Airdrie, and which we shall here call the coal-fields of Arden and 
BinniehUl ; of Shotts and Bowhousebog ; of Benhar and Fauldhouse ; and 
of Torbanehill and Armadale. 

The Arden and BinniehUl district forms the northern portion of this 
wide basin, and includes its deepest part, consequently there are some 
coals met with there which do not occur, as far as known, in any other 
sections of the basin. The following table gives the succession and 
average thicknesses of the strata and various seams : — 

Section of Arden and BinniehUl Mineral Field. 

Fms. Ft. In. 
Strata 16 

Ell Coal, occurs only at Whiterig, near Arden, ... 3 6 

Strata, . " . . 20 

Pyotshaw and Main Coal, only at Whiterig, . . .090 

Strata, 800 

Humph Coal, l ft. 8 in. to 2 ft. 4 in. ; occurs only at Whiterig 

and Arden 020 

Strata, 500 

SpHat Coal, at Whiterig, Arden, and Darngavel, 3 ft. 6 in. to 

4 ft., 3 9 

Strata ..100 

Sourmilk Coal, at Whiterig, 16 

Strata .800 

Musselband Coal, at Whiterig 3 3 

Strata, 400 

Blackband Ironstone, confined to western part of the field, .010 

Strata, 15 

VirtueweU or Johnstone Coal, widely worked, ..026 

Strata ....700 

Ladygrange Coal, worked in central and eastern parts of the field, 2 

Strata, 800 

Musselband Shale and Ironstone, worked chiefly in western 

part of field 012 

Strata 700 

Kiltongue Coal, sparingly worked both in west and east, some- 
times split up into two seams, 2 

Strata, 700 

Upper Drumgray Coal, worked chiefly in central part of the 
field, where it is known as the " Splint coal," . . .- . 2 

Strata, 700 

Lower Drumgray, met with in west part of field, thin, ..018 

Strata, uncertain thickness — say 40 

Slaty Ironstone (? Lower), only got at Staylee Glen, . . . 1(?) 

66. The Coal-measures in the Shotts, Bowhousebog, Benhar, and Fauld- 
house district are distinguished by the greater development of the coal- 
seams lying' between the VirtueweU Coal and the Slaty Ironstone, several 
iseams in this portion being worked, which either do not appear or are too 
thin to pay the cost of working in the northern districts of the " central 
basin." The following tables show the general section, the thicknesses 
given being averages :— 
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Section of the SJiotts and Bowhousehog Mineral Field. 

Fms. Ft. In. 
Benliar or Virtuewell Coal, 3 6 

Strata, .. 700 

Ladygrange Coal, ,.0l6 

Strata, < ... 11 

Kiltongue Musselband, 

Strata 700 

Kiltongue Coal, represented ty a few inches only, . .004 

Strata, . . 13 

Shotts Furnace or Ball Coal (Upper Drumgi-aj), ... 2 6 

Strata, 630 

Shotts Low Coal, 020 

Strata 700 

Shotts Smitliy Coal (Little or Lower Drnnigray), ... 1 8 

Strata .600 

Skotts Gas Coal, 3 

Strata 8 

Clefted Coal or Blackball Parrot, . . . 3 

Strata, . 24 

Liquo Coal, 017 

Strata, variable thickness, 16 

Bowliousebog Coal, ..' 050 

Strata, variable thickness, . . . ..230 

Bowhousebog or Upper Slaty Ironstone, .... 1 

Strata, variable thickness, ....... 10 

Lower or Croftbead Slaty IJrpnstone, position of. 

Section of Benhar and Fauldhouse Mineral Field. 

Benbar or Virtuewell Coal, 4 

Strata 900 

Ladygrange Coal, 010 

Strata, . . 12 

KiltongUB Musselband, . . 6 

Strata .700 

Kiltongue Coal, . . 4 

Strata, . ... . . 15 

Ball Coal (Shotts Furnace or Upoer Drumgray Coal), ... 2 3 

Strata, ...'..... .700 

Sbotts Low Coal, 18 

Strata, .. .600 

Sbotts Smitby Coal, 018 

Strata, ...500 

Sbotts Gas Coal, . . 2 6 

Strata ... 15 

Mm Coal or Croftbead 4 ft. Coal, . ... 3 

Strata, .... • 800 

Coal (Coalinshields Seam), • . 2 4 

Strata, .... . . 500 

Coal (Armadale Main Seam), 2 

Strata . . 10 3 

Coal (Coalinburn Seam), 1 10 

Strata, .... 12 

Slaty Ironstone (Lower or Crofthead and Goodockhill Seam), . 10 

67. Tbe mineral seams worked in tbe Torbanebill and Armadale dis- 
trict, which lies immediately west of Bathgate, belong to the lower section 
of the Coal-measures, the mgnest coal met with being tbe Eougb Parrot, 
which is tbe same seam as tbe Sbotts Gas Coal. Tbe strata immediately 
underlying the Coalinburn coal appear to be very variable. It is notice-. 
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able ttat ttis is generally the case with those parts of the Carboniferous 
formatiop that contain seams of cannel coal and blackband ironstone. 
They thicken and thin out rapidly, and the associated seams of oOal and 
ironstone are apt in the same way to change suddenly. The thicknesses 
given in the subjoined table are, as before, averages :■*- 

Seetion of Torhanehill and Armadale Mineral Field. 

I'm?. 
Upper Cannel or Eough Parrot (Shotts Gas fcoal), . . . o 

Strata (a black shale in this series has been partially worked 

,^.„ ^ ^^'■Sasandoil) 17 

Mill Coal, ^0 

Strata, 8 

Ball Coal or Coalinshields Coal and Ironstone, (The iron- 
stone rests upon the coal, and varies from an inch up to 6 or 7 ft. ; 
sometimes it is altogether wanting, i 

Strata, . ....... 4 

Main Coal, 

Strata, .10 

Coalinburn Coal, .0 

Strata, . 

Boghead or Torbanehill Parrot Coal, 

Strata, 

Blackband Ironstone, . 

68. The Map does not show sq many faults in the Worth-central basirt 
a.s are indicated within the area of the Clyde basin. But this is chiefly 
owing, no doubt, to the fact that much of the former basin has not yet 
been proved by pit-workings. In the districts which haVe been so proved 
faults occur in considerable numbers. The main faults run frotn west to 
east, and from north of west to south of east. North-east and south-west 
faults are of rare occurrence, and of inconsiderable importance. The 
strata are here and there cut by vertical dykes of basalt rock (see par. 85), 
while intrusive sheets of the same rock cover wide areas. Denudatioii 
has exposed large masses of these rocks, as in Torrance Hills, Cant Hillsi 
Eastcraig HiUs, &e., but large sheets lie buried at various depths, and 
have been passed through in trial borings. The coals, as already statedj 
are Usually destroyed in the neighbourhood of these basalts ; sometimes, 
however, where the influence of the molten rock has not been excessive) 
the coals are rendered somewhat anfchraoitic, and become useful for steam 
purposes. This is the case with the Splint or steam coal of Westfleld, 
Meadowfield, &c. (Arden and BinniehUl mineral field), and to some little 
extent with the Furnace coal of Shotts, where it adjoiiis the Cant HiUsj 



3. Gbauqemouth, Caeeon, IFalkirk, and Slamannan GoAt-FiELDs. 

69. In spite of the strip of Millstone Grit which cuts across the Coal- 
measures north of Palkirk and Camelon, the portion lying to the north of 
this interruption presents a section so nearly the same as that on the 
south side, that all the fields in this portion of the district may be con^ 
veniently taken together as one area, comprising aU the Coal-measures from 
the north edge of the sheet south to the basalt dyke which bounds the 
Slamannan coal-field. The relation of the coal-seams and other economic 
minerals to the each other in the northern part of the area is shown in 
the following generalised table. 
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Section of Falkirk Coal-Field. 

Strata, . 

Ironstone 2 in., Parrot Coal 3 in., Blaes 3 in.. Coal 1 it. 2 in., . 

Strata, • ■ ■ 

• Four-Foot, Cockmalane, or Diamond Coal (Vivtuewell Coal), 
Strata, ........>• 

Ft. In. ■ 
Oa Shale, ..20 
■ Parrot Coal, . 2 
Ironstone, ..03 
Blaes, ..06 
XJoal, . ..02 

Strata, ' ■ ■ • 

Coal, ■ . ...... 

Strata, .......... 

Ft. In. 
( SlieUbed, . . 1 4 j 
Millor or Cairou Two-ft. Coal, \ Blaes and Ironstone, 1 

( Coal, ... 1 

Strata, 

Craw Coal, with 6 inches parting, . . . 

Strata, .... 

Shell or Musselband, 

Strata, .... 

Splmt or Main Coal (Kiltougiie Coal), 

Sti'ata with about 8 fathoms of sandstone, 
Coxroad or Soft Coal, . . i . 

Strata, .... . \ (Drumgray Coals) 

Lo-w Coxroad or Balmoral Coals, ) . 
Strata with %\ fathoms sandstone, 

(Ft. 
Ironstone Clayband, 
Blaes, „ • " 
Ironstotie B. band, 
Parrot Coal, . 
Soft Coal, . . 1 
Strata containing a sandstone of 4 fathoms, 
Blaes with two ribs of Clayband ironstone, 
Brighton Main Coal, with two ribs of stone, 

Strata chiefly sandstone, 
Crlenfuir or Gutterhole Coal^ with 6 inches stune, 
Strata, 
Coal, 



Strata chiefly sandstone, 
Coal, .... 

Strata, 
Ironstone B. band, 

Blaes, ■ 
Ironstone B. band, 

Blaes, . 
Ironstone C. band, 

Blaes, . 
C.B. Ironstone, . 

Strata, . . 

BonnytiU Upper Stone (Clayband), . 

Fireclay, 

Bonnyliill IJpper Stone Coal, . 

Strata, including 3 fathftms sandstone, . 
Bonnyhill Cra-w Coal, 

Strata, 
BaUstone (Clayband), . 

Strata, including 2 fathoms sandstone. 
Ft. In.) 

Ironstone B. band, 1 9 f ci i i it i 
Dauo-h . .0 3 ( ot^lyoand Ironstone, 

Ironstone B. band, 1 2 ; 
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70. It may be remarked generally of the Coal-measures in this are* 
tliat the sandstones hsve their greatest development among the lower 
members of the formation, whence we may infer that at the time oi their 
deposit the conditions under whieh the Millstone Grit had bees formed 
still continued. Together with the presence of thick sandstone, it is also 
observable that the coal-seams in this lower part of the series are variable, 
both as regards their thickness aud horizontal extent. The Slaty-band 
ironstone also, so useful as a horizon for the base of the Coal-measures, is 
remarkably lenticular, being found very thick in small patches whieh thin 
out in all directions, and at times cease altogeth^, reappearing, however, 
at no great distance on the same horizon, and then repeating the same 
behaviour.. It would appear as if the animals whc»e remains have been, 
mainly instrumental in the precipitating of this ironstone lived in more: 
or less disconnected pools on the surface of the sandbanks whieh now 
foian the Millstone Grit. 

71.. The Slaty-band ironstone has been much sought after, especially 
on the western margin of the area.. From its lenticular character, how- 
ever, much loss and disappointment have been incurred. The- search for 
it requires constant boring, and only when a thick patch is Kghted on isf 
a good return obtained for the heavy outlay. Overlying this' iron- 
stone occuis a zone of rocks a few fathoms thick, very variable in their 
nature, but often containing numerous coal-seams aiud thick bands of 
elay ironstone. These last have been extensively wrought, each iionstones 
taking its- name from some peculiarity it exhibits, and giving a name to 
the nearest coal; as, for. instance, the "hailstone" and "speckle ball," 
the former name referring to the nodular character of the ironstone, th* 
latter to the spotted Or speckled appearance of a fractured surface, 
owing to the occurrence of iron pyrites throughout the stone. The 
famous Boghead coal of Bathgate occurs in this horizon, but does not 
seem to extend into this district. All the coals beneath the Coxioad 
or Drumgray seams are. variable, and of poor- qiiality The last-named 
seams are extensively miued, and mueh sought after, the upper one 
being a caking coal. The Splint er Eiltongue coal is ako in much 
request, being well adapted for furnace purposes.. It- has a- very 
characteristic shell band above it. The uppermost coal at the series here 
is the Diamond, Cockmalome, or Virtuewell coal, an excellent house coaly 
covering, however, but a small area, and now only worked at Black- 
braes. The Carron Two-foot and Craw coals, together with the mosfc 
of the othsr seams of the field, are worked by the Carron Company for 
their furnaces, for which purpose alone they appear fitted. The " Miller " 
or Carron Two-foot coal has an oil shale, and sometimes an ironstone- 
along with it. 

72. In the southern or Slamannan portion of the area the general suc- 
cession of strata closely resembles that in the Falkirk field, as is evident 
from the subjoined tabfe': — 

Section of the Slamannan Coal-Field. 

Strata, ... • ■ 

f 

Johnstone or Virtuewell Coal j' ironstone, ■ 2 

tCoal, . 2 10 

Stj'ata,, 

Lady Graiige Coal, 

Strata, .... ... 

Coal, . . ■ ■ 

Strata, . 
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Shale or Mussel Ironstone — Fire-clay and Coal, 

Strata, ...... 

Sliale band, . , 

Strata, .... 
Splint Coal (Kiltongue Coal), 

Strata, .... • • 

Coxroad Coal, . 

Strata, ..... 
Ft. In. \ 

^ i_ 

Clear Coal, . 2 

Poor B. Band, 

Strata . , . . 11 u ^/ 

Ft. In. ) 

1 ^AucMneane Coal, • , 1 3i 

1 2*1 



Shale, • • • H ^ Balmoral or Low I Drumgray ) ^ , 1 1 
B, Band Ironstone, 3 V ^^^^^^^^ (.^^j_ \ Coai/l'> * '^ 
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Ironstone, 
Coal, 

Strata, . 
Coal, . 

Strata, . 
Coal, 

Strata, 
Coal, . 

Strata, . 
Coalblind, 

Strata, 

73. In the southern area the position of the slaty band ironstone has 
not been reached. There appears, indeed, to underlie the whole field 
a great platform of intrusive basalt-rock, which is seen to emerge from 
the position of the Coxroad coal into that series of hUls which forms the 
eastern edge of the Slamannan coal-field, dividing it from those of Bath- 
gate and Shotts. This sheet seems not to keep one definite horizon ; for 
where it appears agaiu in the neighbourhood of Salsburgh and Shotts, ib 
c^erlies the position of the Coxroad coals. It exerts a considerable 
influence on the coals in the Slamannan district, the Coxroad coal being 
in places, especially in the eastern part of the field, either rendered useless 
or having its caking quality impaired. The splint coal at Drumclair is 
converted into a hard steam coal resembling anthracite. Towards Lodge, 
on the western boundary of the field, the intrusive sheet of basalt shows 
indications that it lies on a lower horizon than on the east. The Virtue- 
well, or, as it is here locally termed, the " Johnstone Coal," though in 
this area a coarse splinty coal, has often a bed of oil shale and a 
black-band ironstone in connection with it, which cause it to be exten • 
sively mined. In the Slamannan coal-field a " want " occurs in the Splint 
coal seam. A blank space in that bed has been traced for about two miles 
in the workings. It runs approximately east and west with a some- 
what bent course. The breadth of the actual blank space is not easily 
known, for mining operations are put a stop to as soon as the coal thins 
out so as no longer to be worked to profit. The explanation of this struc- 
ture appears to be that during the formation of the material which went 
to make the coal, a water-course traversed the area in the direction of the 
want, and removed the decaying vegetable matter so as to expose the bed 
of clay on which it rested before the change of conditions took place, 
which brought in the sediment now forming the roof of the coal. The 
beds which elsewhere form the roof and pavement of the coal come 
together ■^here the coal has disappeared. 

74. This extensive ntineral field is much broken by faults, and tiaTersed 
by large basalt dykes which run approximately east and west. A peculiar 
feature of the great fault which cuts the coal-field south of Slamannan, is 
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that it now holds a hasalfc dyke between its walls. The dislocation may 
be inferred to be older than the great basalt sheet which underlies the 
tield, seeing that the mass of igneous rook stops abruptly and does not 
occur again to the north of the line of fault. The basalt dyke in the 
Carron and Grangenlouth fields is also accompanied by a displacement of 
the strata. In both cases the molten matter which formed the dykes 
probably rose along a reopened pre-existing faulb. 

75. The Cbneypark and Baniinock basin comprises a small area of 
Coal-measures, let down among the Carboniferous Limestone and Millstone 
Grit rocks by two nearly parallel faults, and measures between two and 
three square miles in extent. Though smaU. in size it is rich in coal- 
seams. Owing to the effect of the boundary faults, beds much higher 
in the Coal-measures than any now existing north o£ the great Slaman- 
nan dyke have been thrown in and preserved in this little basiui 
These rocks may be identified with some of the higher seams in the main 
Lanarkshire coal-field. This is very interesting, as it shows the former 
extension of those beds, and of the Upper Eed Sandstones, over districts 
from which they have been entirely removed by deiudation. 



tipper or Eed 
Coal- Measures. 



Section of the Goneypark Coal-Field. 

{ Eed Sandstone, . . . i . 
(Coal, . . . . 



Coal iteasuresj 



( These beds are con- 
) aidered to be the same 
j as the Pyotshftw and 
I Main of Airdrie. 



Strata, . 
Coneypark Thick Coal. 
Fire-clay, 
Coneypark Main Coal, 

Strata, > i . 
Coal, .... 

Sttata, . 
Fonl Coal, 

Strata, 
Coal, ... 

Strataj . i . ... 
Coal, 

Strata, 
' Coal (Highest wrought in Baaknock Old Coal-field)" 

Strata, . ' 

Five-Quarter Coal (Virtuewell or Cockmalatie), 

Strata; 1* 

Coal (Carron Two-foot Coal, "Miller" Coal of Falkirk; 
M'Neish of Clackmannan), .... 

Strata, ...... 

Banknook Main Coal (Carron " Craw Coal"), . 

Strata, 

Coal (Splint or Kiltongue Coal), . . . ^ 

Strata, ...•■■•• 
Dtumgray Coal, . .... 
\ Strata, . . ■ ... 
^ Slaty Band Ironstone, 

7fi thouo-h this coal-field is now known to belong to the Coal-measm-es, 
vet from its°cuiious position among much older beds and the difiicultyof 
correlating its seams with those of the neighbourhood, it was once looked 
oorreianng ^^ -^^^^ ^f ^^^e ggajus liave now been worked out, 

ercialy atXJstern end of the field, where they are most numerous, 
and the basin narrowest. When these mmmg operations took place the 
value of oil shale was not recognised ; for a rich shale which accompanied 
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the Musselband coal was left imtouclied. during the removal of the coaL 
Its value, however, is now fully appreciated, and the shale is being taken 
out also. 

Igneous Rocks. 

77.' Igneous roCks are usually classed under two groups — one of which 
comprises those rocks which are of the same age as the strata with which 
they are interbedded ; while the other includes all those that are younger 
than the strata amongst which they have been intruded. Hence the 
former are termed interbedded or contemporaneous, and the latter intru- 
nve or subsequent. Both groups are well represented in the present Map. 

I. Interbedded or Contempobanbous. 

t8. The rocks belonging to this group have already been described in 
connection with the Calciferous Sandstone (see pars. 18, 20, 22) and Car- 
boniferous Limestone series (see par. 25-32). They are true volcanic rocks,, 
having been ejected from volcanic orifices at the surface as masses of 
molten matter and showers of dust and stones, which subsequently became 
covered up by later deposits of aqueous origin. The volcanic rocks of the- 
Campsie Hills, KUsyth HiUs, and Cathkin Hills have been shown to have 
been erupted during the time of the Calciferous Sandstone series. They 
are contemporaneous with similar rocks, comprising the great bank of vol- 
canic origin which ranges westward to the Clyde at Dumbarton, and 
Stretches through Ayrshire and Eenfrewshire to the high grounds between 
the Eivers Avon and Irvine. Later iu date come the igneous rocks of the 
Bathgate HUls. The lower and older portion of these may be assigned 
to higher parts of the Calciferous Sandstones, while the main mass 
contimied to be erupted during the deposition of nearly the whole of the 
Carboniferous Limestone series. No higher interbedded igneous rocks 
occur in this region. Most of the intrusive masses, however, may be 
assigned to various dates long after the extinction of the Bathgate 
Volcanoes. 

11. Intrusive or Subsequent. 

79. Though rocks of this series do not of themselves afford proof of 
their age, some indication of their date may now and then be obtained 
from the geology of the country surrounding them. In the present Map 
it is evident that many of them must be of later date than the Coal- 
measures ; and even those which traverse only the Carboniferous Lime- 
stone or Millstone Grit may nevertheless be of as recent date. A convenient 
classification ranges these rooks into two groups — 1st, Those which occur 
as intrusive sheets or bosses ; and 2d, Those which traverse the other 
rocks as waU-Uke masses or dykes. 

80. 1. Intrusive Sheets. — If we take a general view of the distribution 
bf the intrusive sheets, we find them to belong to at least two platforms 
— (a) A series of sheets which have been injected among the lower por- 
tions of the Carboniferous Limestone series ; (6) A much more extensive 
and incursive set, ranging on different horizons from about the middle of 
the Millstone Grit upward into the heart of the Coal-measUres. None of 
them have been noted here among the Upper Eed Sandstone group which 
forms the highest member of the Carboniferous system. 

81. The intrusive character of the basalt sheets is determined by the 
tacts, that the same mass is found transgressively passing across different 
horizons of the strata between which it lies, and that the strata overlying 
these sheets may be observed to have been more or less strongly heated 



and altered. These facts cannot indeed be always ascertained, for sec- 
tions often fail at th.e very places where the evidence should occur ; but 
they may be proved in so many instances, that there can be no doubt as 
to the necessity of classing the whole of these masses as intrusive. 
PetrographicaUy, they may be described as varieties of basalt, passing 
into coarsely crystalline doleritio masses on the one hand, and on the other 
into dull, dirty green diabase. The sheets whici in the Kilsyth and 
Denny district run through the lower portion of the Carboniferous Lime- 
stone series present considerable diversities of texture and composition 
even within comparatively short distances. While they consist nor- 
mally of crystalline mixtures of triclinic felspar, augite, titaniferous iron 
or magnetite, and apatite, they now and then contain much orthoclase in 
well-developed Carlsbad twins, and also free quartz in xniuute blebs, evi- 
dently of original segregation, and not of secondary formation. Thus in 
some places, as in the Carron "Water, the rock assumes a coarsely crystal- 
line texture, and, from the pink tint of the felspar, resembles some of the' 
so-c£dled "syenites." A sample of this rock from Carron Water shows, 
under the microscope, a thoroughly crystalline texture, and consists of 
much kaoHnized and ferruginized^ felspar, chieily orthoclase, in Carlsbad 
twins J much titaniferous iron and apatite, with a little Augite and 
quartz; the felspar is crowded with apatite prisms; the quartz! contains 
vapour cavities and microlites ; many of the crystals of titaniferous iron 
enclose granules of pyrites. To this rock the name of qiiartziferous 
diabase would be most appropriate. When we reflect that these large 
intrusive sheets have replaced large masses of stratified rock, much of 
which, no doubt, was actually melted up in their mass, we should be 
prepared for considerable local differences in the composition of such 
sheets. In particular, it may be surmised that the small blebs of quartz 
so frequent in some parts of the rock have been derived from -arenaceous 
strata involved in the molten lava as it rose upwards. 

82. The amount of alteration effected by these sheets, though some- 
times considerable, seldom extends many yards from their edges. It 
varies both in kind and in degree, according to the character of the ma- 
terial on which the heated mass of the igneous rock has acted. Especially 
great has been the havoc produced among the coal-seams. Many of these 
have been entirely consumed, and their position is now occupied by 
igneous rock. Often the coals near a basalt are converted into a soft 
sooty substance, or a kind of coke ; at other times, however, where the 
heat derived from the old molten rock has not been in excess, the coals 
have only been to a certain extent de-bitumenised and converted into a 
kind of anthracite. In such cases the alteration has been due to the 
presence of a thick mass of igneous rock, generally underlying and 
separated from the coal by a considerable thickness of strata,- — as much 
as 15 fathoms in some places. In close contact with a coal the basalt-rocks ■ 
almost invariably assume a dirty grey or yellow colour, and become 
soft and clay-like m. texture. At their junction with shales and sand- 
stones some change in colour also takes place, but it is usually not so 
marked. The contiguous shales and sandstones themselves are often 
highly baked, the shales being porceUanised, and the sandstones cracked 
and hardened. 

83. (a) The intrusive sheets in the Carbomferous Limestone series 
run as a ragged belt from near Kirkintilloch to beyond Stirling. 
They consist of various basalt and diabase rocks, which weather 
spheroidally on exposure. Their truly intrusive nature is made 
remarkably clear on the present Map. Eeference has abeady been 
made (par. 43) to the intrusive mass which alters the Hurlet 
Limestone in the CaiTon Water, above Denny, where the limestone 
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Was said to overlie the basalt, and yet within a few yards to be 
replaced or cut out by it. Proceeding northward before we reach the 
Bannock Burn (Sheet 39), the Hurlet Limestone is seen to emerge from 
beneath the basalt, being much altered in connection with it, while from 
the Bannock Burn to Causewayhead, north of Stirling, a considerable thick- 
ness of sandstones and shales intervenes between the two rocks. Again 
the disruptive character of that great sheet of basalt on which the village 
of Kilsyth stands is equally evident. As in- the case of the Denny sheet, 
it does not remain on one horizon of the sedimentary rocks into which 
it has thrust itself. Towards its eastern extension it lies about 70 or 80 
fathoms below the Index Limestone, while at Croy it overlies it. At 
Kilsyth and Queenzie Burn, about 2 miles to the west, the limestone is 
found just on the top of the basalt ; while at the latter place, where there 
is an exposure of the junction of the two rocks in the burn, the limestone 
is found to be much altered. In the Croy district, the sheet of basalt, 
which on each side lies between sedimentary strata, suddenly leaves one 
horizon, passes up vertically between the broken edges of the beds, and 
re-enters a higher one. There is no trace of a fault at this place ; on the 
contrary, the strata lie quite undisturbed, as has been proved by the 
mining operations which have been carried on beneath. These sheets 
of basalt, together with some others in the same district, seem to have 
been intruded among the Carboniferous rooks before these were much 
disturbed, as they are folded and faulted in the same manner as the 
sedimentary strata among which they occur. 

84. (&) The intrusive basalt sheets in the Millstone Grit and Coal- 
measures form another broken band across the centre of this Map. Some of 
considerable size occur immediately to the east of Glasgow, at Gartcraig, 
Cardowan, &c. Numerous smaller patches also appear scattered along the 
boundary of the Clyde basin and the North-central basin at New Monk- 
land, Eawyards, Moffat, &c. Some of the largest sheets, however, are 
met with in the North-central basin, near HiQend Eeservoir, Torrance, Kirk 
of Shotts, Blairmuckhill, EastcraighOl, &o. Another large sheet, intruded 
among strata belonging to both the Millstone Grit and Limestone series, 
extends from Torphichen northwards for two miles. 

85. 2. Dykes. — One of the most conspicuous features on the Map is 
the series of long east and west lines of crimson, which are there made to 
traverse indifferently aU the geological formations. These are dykes of 
basalt, varying in thickness from a few feet up to 50 yards or more. 
They cut across aU the rooks up to the drift series, and are later than any 
known fault or dislocation, since they traverse faults equally with the 
strata that are faulted. They have thus been inferred to belong to the 
Miocene period. (Explanation to Sheet 14, par. 63). They consist of a 
dark blue, greenish, or black crystalline basalt, more or less homogeneous 
in character. Now and again they are sparingly amygdaloidal in the 
centre. At their junction with the rocks they traverse there is seldom 
much disturbance or alteration — the amount of either apparently bearing 
some relation to the breadth or thickness of the dyke. Thus, small dykes 
seem to affect the strata to a less extent than large ones. Their general 
trend in the present area is east and west. As a rule, their course is 
approximately straight, and this is particularly the case when they tra- 
verse the more yielding strata of sandstone, shale, &c. When they 
traverse harder rocks, however, their course is not infrequently rapidly 
undulating. This appearance is much better shown in other districts 
which have been examined by the Geological Survey ; but an illustration 
is afforded on the present Map by the great dyke that traverses th& 
Campsie Hills and Kils3rth Hills eastward to the Carron coal-field. Five 
main dykes are shown upon the Map. One of these, which cuts across 
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the North-central basin, is interrupted at Chiyston, but reappears a little 
to bhe north of its former position. No trace of it appears at the-surface 
between Chryston and Knookmilly, but it is probably continuous below 
ground. , It is not uncommon indeed to meet with dykes which terminate 
upwards. In some coal-pits such dykes are found to intersect the lower 
seams, while the upper seams are continuous, and show no trace of the 
dyke that occurs below. 

86. Near Black Braes, south-east from Falkirk, two of the large dykes, 
overlap each other and end off in sharp points. There is every reason to 
believe, however, that these two are in reality one dyke with an under- 
ground connection between them. Mining operations seem to corroborate 
this supposition. Many small dykes occur in the area of the CoaU 
measures, as at Shettleston, Swinton, Bredisholme, Bonnybridge, &c^; 
similar short dykes have been traced in the limestone areas, as seen at 
Kilsyth and in the Bathgate Hills. Some of these dykes may extend for 
much greater distances than are shown upon the Map, as our knowledga 
of them is only derived, in many cases, from pit-workiogs-^the dykes not 
appearing at the surface of the ground. 

87. Dykes may or may not coincide with faultsi Sometimes they run 
for many miles along a line of dislocation, as in the case of the great, 
dyke that stretches from Cadder to Torphichen. In most instances, how- 
ever, the strata on the one side of a dyke correspond precisely with thosd 
on the other, showing that the dykes are not necessarily connected with 
those movements of the earth's crust that gave rise to the dislocation of 
the strata. (See par. 74). 

Faults. 

88. The faults which are shown upon this Map may be roughly classed 
under two divisions — 1st, Faults that strike approximately west and east; 
and 2d, Faults that trend from north-west to south-east. Frequently, 
however, a fault may belong to both divisions — running for some dis- 
tance in one direction and then turning off at an angle towards some other 
point in the horizon. Now and again, also, dislocations are found to 
strike at right angles or nearly so to both classes of faults just referred to. 
Such north and south and north-east and south-west faults, however, are 
^ a rule of very minor importance — the most considerable example being 
that -which separates the limestone series from the trappean masses of 
the Kilsyth Hills. This fault may indeed be looked upon as belonging to 
the east and west group, and the same may be said of the two large faults 
that foHn the boundaries of the small Banknock or Dennyloanhead coal- 
field. Faults appear to be most numerous in the coal-bearing districts, 
for the well-known reason that the strata in those districts have been 
most thoroughly explored by mining operations. By far the larger pro- 
portion of the dislocations represented upon the Map as occurring within 
these areas aie not reaUy visible at the surface, which is often densely 
obscured by drift deposits. It is highly probable that were the districts 
unproductive of useful minerals to become as well known as the present 
coal-fields, faults would prove to be no less numerous there. At present 
the only fractures to be detected in such districts are those exposed in 
natural or artificial cuttings, or whose presence may be iof erred from other 
evidence at the surface. , , , . , 

89. In the Clyde basin aU the more considerable faults, and the majo- 
rity of the minor ones, whether east and west, or north-west and south- 
east dislocations, correspond in a rough way with the strike of the strata, 
although numerous small slips cut across the beds at all angles. One 
result of this is to repeat the crops of the strata aga,iQ and again, and' 
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thus to bring the same coals up to the surface several times. Faults of 
this kind are called step-iaults. The Map shows the upper coal-seams 
cropping out from below the Eed Sandstone group near Tollcross and 
Pullarton. From the general southerly dip the lower coals might have 
been expected to crop out towards the north, and by-and-by the MillstDne 
Grit to appear, followed by the Limestone series. But owing to the large 
east and west fault near Shettleston, the red rooks and underlying coal- 
strata have been brought down, and the coals accordingly crop out again 
further to the north. This process is repeated at least six times, as the strata 
are followed towards the north-east, by which means the coals appear to be 
spread over a wider area than they would have occupied had no disloca- 
tions taken place. But if we cross the coal-basin in the opposite direc- 
tion, that is to say from its outskirts towards its central and deeper por- 
tions, then the step-faults will appear to us to have hrouglit up instead of 
having thrown down the crops, a^nd thus to have lessened rather than 
increased the area of coalrbearing strata. The faults of the Clyde basin 
vary in amount from mere shifts of a few feet up to vertical displace- 
ments of more than 300 fathoms. The dislocation that brings the coal 
strata down against the volcanic rooks of the Cathkin HiUs can hardly be 
less than 400 fathoms in some places. The ea^t and west throw, that 
runs east from Glasgow to BaiHieston and Old Monkland, ranges from 100 
fa-thomsto 145 fathoms, the shift being down to the north; and there are 
others not much inferior to this in extent. Faults of 20 fathoras to 40 
f athonis are common ; and smaller dislocations are still more numerous. 
Many of the minor faults indeed could not be shown upon the Map. 
Frequently faults split up or divide into a number of smaller dislocations ; 
while in not a few cases one fault cuts off and sometimes intersects and 
displaces another. Ifone of them ever gives rise to inequalities at the 
surface, save when it has been the means of bringing hard rooks into, 
juxta-position with softer and more easily worked strata. In cases of 
this kind the hard rocks generally project above the general level of the. 
ground ; but the high ground is as often on the low side as on the high 
side of a fault. It will be seen that the faults intersect the Clyde and 
other water-coiu^ses at all angles, and have no immediate connection what-, 
ever with the present configuration of the ground. These remarks apply 
generally also to the faults shown in the K"orth-central basin. None of 
these exceeds 40 fathoms or 50 fathoms in amount. A large part of this; 
basin, however, owing to the presence of massive sheets of igneous rock, 
has deterred mining operations, and consequently our knowledge of it is 
not so detailed as is the case with the Clyde basin. 

90. In the northern half of the Map, including the Skmannan, Fal- 
kirk, and Grangemouth mineral fields, as well as the limestone districts 
of Lennoxtown, Kilsyth, and Denny, similar observations may be made 
regarding the twofold direction of the dislocations, though numerous 
examples occur not properly admissible either into the.E. and W., or the. 
S.E. and N.W. group. Those which run in the latter direction are pro- 
bably the older set. No very decided evidence on this point indeed can be 
gleaned from the country embraced within the present Sheet ; but on the 
other side of the Forth, in the Clackmannan coal-field (Sheet 39), where 
the same system of fault is found, the east and west ones displace the 
others. The great east and west faults, with a downthrow to the north, 
have been adduced as evidence that the valley of the Forth has been pro- 
duced by the letting down of the strata by a series of step-faults, the 
dislocations in this area being looked on as those which produced the 
south side of the vaUey. A mere glance at the Map, however, will show 
that the greater number, as well as the more powerful of these faults, 
have their downthrow to the south, a fact which has been entirely ignored. 
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The truth is these faults, as has heen ahove remarked, produce no features 
on the surface except where softer and harder beds are brought against 
each other by them, the latter, from their greater power of resisting the 
agents of waste, usually standing above the former. As in the Clyde valley, 
so in the area round Denny and Kilsyth, the water-courses run across 
these faults at almost right angles, while further to the east the trend 
of the streams, as well as the whole features of the ground, run obliquely 
to their direction and entirely independently of them. 

Ice-worn Rocks and Drift. 

91. Ice-worn Surface of the Country. — The greater proportion of the 
area represented on this Map is more or less covered with superficial 
deposits of clay, gravel, sand, (kc. These accumulations lie thickest and 
form the most continuous sheets in the valleys and low grounds. Over 
the higher grounds they are not only thinner but much less continuous, 
appearing often in mere isolated patches. We may conceive of them as 
forming a ragged mantle that obscures the solid rocks at low levels, but 
allows the more prominent ridges and hills to protrude. The hilly tracts 
often exhibit the appearance of having been smoothed off in some deter- 
minate direction, presenting to the eye that flowing outUne which is so 
characteristic of ground over which glacier-ice has passed. But distinctly- 
marked glacial striae are not often visible on exposed and weathered rock 
surfaces. Where the turf or superficial deposits, however, have been 
recently removed, such ice-markings are as a rule conspicuous. The 
general trend of the striae and groovings shows that the ice which covered 
the country has flowed on the whole in an easterly direction. 

92. As might be expected, the most numerous instances of roches mou- 
tonnSes occur in the more hilly districts, where the rock either protrudes 
naturally above the superficial accumulations, or where it has been laid 
bare by man. Excellent examples of this phenomenon occur on a ridge 
of bare Millstone Grit seen near Sauchierig, about four miles south-west 
from Falkirk. J^umerous other instances of striation may be observed, 
especially in the neighbourhood of Denny, Kilsyth, and Slamannan. 
The direction of the strise, as well as the "carry" of the debris, would tend 
to show that the ice entered the district from the north-west, and after 
crossing the high ground of the Campsie Fells, turned upon itself and 
flowed more or less east. Near Kilsyth the direction is E. 5° K ; about 
Falkirk E. 10°-15° N. ; while near Slamannan the direction is E. 10°- 
15° S., as if there were a divergence in anticipation of the meeting with 
the Linlithgowshire Hills. The Cathkin Hills are likewise striated from 
W. by N. to E. by S. Near KUsyth the great basalt sheet has been 
carved into a succession of parallel roches moutonnees in the direction of 
the ice-flow there. At a distance these have the characteristic smooth 
whale's-back contour, but on a nearer approach they are found to be 
strewn over with innumerable blocks of the same material as the rock 
beneath, evidently the result of weathering in situ. The blocks represent 
in fact the harder kernels from which successive decomposed shells of 
rock have exfoliated on exposure. The only part of the rock where 
striae can at present be observed here is along the southern margin of the 
Townhead Eeservoir. 

93. The Drift Series of deposits consist of the following subdivisions : — • 

a. Boulder-clay or Till. 
h. Sand and Gravel. 

c. Erratic Blocks. 

d. Terraces of erosion and deposit. 
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94.- (a) The Boulder Glag varies a little in cliaracter tliroughciaUlie 
area includied in this Map, clilefly, however, in regard to colour. It is an 
Vinstratified amorphous accumulation of tough clay, through which are 
promiscuously scattered sub-angular, smoothed, and striated stones and 
boulders, in less or greater abundance. Its general colour in the Carboni- 
iferoiis tracts is dark dingy grey, blue, or almost black, but in the Eed 
Sandstone area of the Clyde basin it assumes a reddish tinge ; and the 
same in the case in the region of the Campsie and Ealsyth Hills. While 
the great proportion of the stones in the boulder clay are of local deriva- 
tion, ^ smaU number may usually be counted bearing witness to a more 
distant transport. In the Campsie Hills, for instance, the reddish boulder 
clay is chiefly made up of the debris of the porphyrites comprising them, 
With an admixture of the Old Eed Sandstone and Highland rocks which 
lie to the north-west of that range. Down on the Carboniferous plains, 
iiowever, and especially in the neighbourhood of Falkirk and Slamannan, 
the boulder clay is evidently made up chiefly of abraded Carboniferous 
Itocks, with comparatively few travelled stones, but enough to show that 
a portion of the materials has been brought from the north-west.. The 
occurrence, therefore, of fragments of conglomerate, mica-schist, chlorite- 
slate, greywacke, gneiss, and other rocks in the boulder clay which are not 
found in dtu within the area of this Map, but which have certainly been 
derived from the Old Eed Sandstone and Highland tracts towards the 
north-west, taken along with the evidence of the strise on the rocks below, 
demonstrates that the ice which glaciated those rooks and formed the 
boulder clay, flowed from the Highlands; crossing in its course the Hills 
of Menteith, the Bucklyvie Moors, and the Campsie Fells, and then 
spreading over the lower grounds in a general easterly direction. There 
is evidence, moreover, to show that in the vaUey of the Clyde the ice 
stream turned gradually away, first in a south-easterly, and afterwards in a 
south-westerly direction (see par. 93, Explanation to accompany Sheet 
23). The boulder clay usually presents a softly undulating outliiie, and 
toow and again the rounded banks which it forms are arranged more or 
less conspicuously in parallel lines. This is best seen in the district 
between Falkirk and Slamannan, and in the tract that stretches south 
from Kirkintilloch to the valley of the Clyde. The trend of these banks 
coincides in direction with that of the glaciation of the country — they run 
approximately west and east. 

95. In the more hilly grounds, the boulder clay for the most part 
jpresents no trace of beds. On the plains, however, it often shows included 
strata. In the Forth VaUey, especially near Grangemouth, several beds 
of sand and graVel are found intercalated between and alternating with 
boulder clay. The following sections wiU show this arrangement better 
than any d^cription : — 

'So. 1. Section of Prift a,nd Superficial Deposits at Town Croft, 
near Grangemouth. 
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"No. 2. Section in Bore (No. 5), Town'Ctcift, near GrangemontTi. 

Fms. Ft. 
Surface soil, ,,;,., 1 
r Blue mud, , , , i . , . 3 
I Shell bed ,01 

50 feet Beach, , \ Gravel ,,02 

Blue mud, 2 2 

Gravel, ,,08 

Blue mud and sand, ,..,,23 

300 feet Beach, . \ Eed clay and sand, ..... 1 4 
Eed clay, ..,,.,, 8 1 
Blue till and stones, ..,,.32 

Sand, ,32 

Hard blue till and stones, ..,,40 

Boulder Clay, . \ Sand, 2 

Hard blue till and stones, .... 6 4 
Sand, ,...,,, 1 1 
Hard blue till, 4 



Oarse Clays and al 

luvium, 
100 feet Beach, 

Boulder Clay, 



Ko. 3. Section at Langlee, near Carron Iron "Works. 
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Mud and sand, . 
Red mud and yellow clay, 
Blue till and stones, , 
Mud and quicksands, . 
Blue till and atones, . 
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96. In the central coal-field tracts also numerous sections of this kind 
have been met with, sometimes in natural and artificial cuttings at the 
surface, at other times in deeper mining operations. At ChapelhaU, at a 
height of 526 feet above the sea, a bed of clay, intercalated between a 
lower and upper mass of boulder clay, has yielded arctic sheUs,i In the 
same neighbourhood, beds of fine gutta percba clay and sand, which have 
yielded layers of peat and terrestrial vegetable remains, have been found 
occupying a similar position ; ^ and at Orbiston, there is a brick clay 
worked which also appears to belong to the " beds in the till." This 
brick clay contains hazel nuts. 

97. Underneath the boulder clay, similar deposits of clay, sand, and 
gravel sometimes appear. Many of these deposits may occupy the sites of 
old lakes, while others certainly occur in what were once river beds and 
ravines. Several good examples have been discovered during the mining 
operations in the coal-fields. They are known to the miners as sand 
dykes and clay dykes, according to the nature of the material that fills 
them. The beds with vegetable remains at ChapelhaU appear to occupy 
such an ancient water-course, the direction of which is indicated upon the 
Map by a double Une, as running from east to west. Other excellent 
instances are met with in the neighbourhood of Cleland and NewarthiU. 
One of these is shown upon the Map as beginning at Cleland Townhead, 
and running south to the valley of the Calder Water, which it crosses. 
The other appears on the north side of the Calder Water, about a mUe or 
so further to the east. Neither the one nor the other forms any feature 
at the surface. They are both, however, seen in section — one in Tillon 
Bum, and the other in the banks of the Calder, near Wishaw House (see 
Explanation, Sheet 23, par. 95). The troughs are filled with sand 
and fine gravel, buried below a thick mass of tumultuous boulder clay. 
They probably represent the courses of the Tillon Bum and the Calder 

' J. Smith of Jordanhill, Researches in Newer Pliocene Qeology, pp. 17, 141; Quart. 
Jowr. Geol. Soc. vol. xxi. p. 219; "Monograph of Post-Tertiary Entomostraca," 
Paloeontologioal Society, vol. xxviii. p. 6. 

' " Oh the phenomena of the Glacial Drift of Scotland," Trans. Geol. Soc. Glasg. 
vol. i. p. 61. 
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Wateir during pre-glaeial and inter-'glaeial times. ^ Aaiother eand dyfee is 
shown upon the map as ocewring at Midhill a.nd Parkhead, 'one mile or 
so to the eas't of NewarbhiU. This is probably a GontiAtiation of one of 
the old teoughs just referr^ t6. It is impossible to tell, however, 
whether it is part of the old ooiirse of the TiUon Burn or the O^er 
Water. It is nowhere expos6)d at the surface. 

&8. Farbhra; examples of these buried rirer channels occur in the coal- 
fields further north. One of much interest has been traced from Grange- 
mouth westwaitds to Larberfc Junction, and thence to Carmuirs and 
Bonnybridge. Its fuarther course in that direction is not known, though 
it prdbaWy follows nearly the direction of the Bonny Water and the Forth 
and Clyde Canal. 2 Another butied Toek trench, found beneath the allu- 
vium of the present Kelvin River, corresponds roughly with the present 
course of this stream from one mile south of OKilsyth to about Kether- 
wood, a distance of four miles in an E.N.E. direction. The trench here 
cuts obliquely across the anticline known as the " Eiggin," with the axis 
of which it ccancides for a;bOut one mile of its course. These ancient 
water-toourses, e^eciaUy that at 'Grangemouth, which is a long way below 
the present sea-level, would tend to show that the land stood higher in 
pre-glacial times than now. 

99. (&) Sand and Gravel, ^c— These deposits occur here and there, and 
rest either upon the boulder clay or on soHd rock, They consist, for the 
most part, of ■frell water-worn materials, arranged more or less distinctly 
by ^ater action. They all belong to a more recent date than the boulder 
clayv They are usually termed " kames," and commonly assume the form 
of knolls, hummocks, banks, ridges, cones, and mounds, and they occur 
at many different levels. Not unfrequently their distribution bears some 
relation to the configuration of the ground. Thus one set of gravel and 
sand mounds begins at Stane, about 750 feet above the sea, and continues 
down the valley of the South Galder Water as far as Allanton, where the 
knolls abruptly temiinate at a height of 500 feet above the sea. A similar 
connection between the distribution of the kames and the form of the 
ground mdy be noted dn the vaUey of the Couston Buruj near Bathgate. 

100. The most important area of sandy drift within the area of the 
Map is that which extends, with a breadth of about 3 miles, westwards 
from fLithgow Bridge to Polmont Mill It narrows to a point at Falkirk, 
where it is covered and obliterated by the 100 foot beach to be afterwards 
noticed. Emerging from this interruption, it passes up to Denny, and 
then swings round to follow the direction of the Bonny Water to Kilsyth. 
It is everywhere ridged into the characteristic kames and mounds. One 
ridge' deserves special mention, from the fact that it runs as a conspicuous 
feature parallel with the Edinburgh and Glasgow Eaiiway from Redding 
to the borders of Linlithgowshire, a distance of 3 to 4 miles. This is not 
its whole length, however, for it passes westward from Redding by Cal- 
lehdar Park, where it is teeached, to the town of Falkirk, -v^hich is built 
on it, and it runs eastward across the valley of the Avon, which has cut 
across it. Its entirelength oannOt be lessthan 8 miles. Near Slaman- 
nan a fewkamss are seen to protrude -through the alluvium of the Avon. 
Another group occurs at a higher level near Denny. 

ilOl. Kames often lie on water .partings,; and other places far removed 
from present stream courses. In such positions they are composed some- 
times of very coarse materials — » mixture of sand and angular debris, 
which shows little or no trace of bedding. A.good example of this kind 
occurs at the Fauldhouse HUls. Lines of kames likewise cross the water- 
sheds between the Buckie Burn, a tributary of the Carron, and the Ban- 

1 See Trani: Edin. Bool. Soc. vol. i. p. SiS-,' Great Ice Age, p. 139. 

' See, paper by J. Oroll, ym».5. Geol, Soc. Edin. vol. i. p. .^0. 
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nock Burn (Sheet 39), The upper limit of these seems to be ahout 1000 
feet ahove the sea. Near the head of the Birken Burn, just below where 
it emerges from the reservoir to the north of Kilsyth, a platform of coarse 
gravel is found on the watershed, at an elevation of about 1500 feet. 

102. (c) Erratic blocks. — Boulders which do not belong to the districts 
embraced in this Map are met with now and again at the surface. They 
may once have been more plentiful than they now are, but as most of the 
country has been for a long time under cultivation, few have been pre- 
served. They consist in every instance of rocks which belong to the 
west and north-west of the region in which they occur, and fragments 
of the same rocks occur commonly enough in the boulder clay. Indeed, 
many of the erratics lying loose at the surface may have come out of that 
accumulation. 

103. It is observable that large boulders of Highland rocks do not 
appear south of the Campsie FeUs in such numbers as might have been 
expected from the many conspicuous blocks .seen in the neighboiirhood of 
Stirling (Sheet 39). Possibly the Campsie Hills may have intercepted 
them. Blocks of porphyrites from those hills are pretty weU distributed 
to the south and east of that ground. Some of them attain a great size, 
one weighing over 80 tons. The most conspicuous erratic blocks are to 
be seen along the vaUey of the Kelvin and Bonny Water, where boulders of 
the Campsie volcanic rocks, and especially of the Kilsyth basalt, are dis- 
tributed over the surface of the ground, and even the gravel kames are in 
places so covered by them that it is often difficult at first sight to dis- 
criminate between the gravel ridges and the long bare roches moutonnees 
of basalt already referred to, as occurring near Kilsyth. None of the 
blocks are found lying on the strata which make up the 100 feet beach, 
though these beds, as wUl be immediately shown, were deposited while 
arctic conditions still existed in the district. That many are buried up 
by these latter deposits is more than probable, for to the east of Falkirk 
large boulders of basalt are strewn on the bluff formed by the denudation 
of these beds and the underlying sands, gravels, and boulder clay when 
the flat of the Carse was being levelled out of them by the Forth estuary. 

104 {d) Terraces of erosion and deposit belonging to the Glacial Period. 
—In the valley of the Clyde the deposits which overlie the boulder clay 
sometimes assume the form of broad terraces composed partly of sand and 
gravel, and partly of silt and laminated clay. They difier from the kames, 
which are totally unfossiliferous, in having yielded at one place (Uddihg- 
ston) marine shells of arctic species. Otherwise, the deposits of this 
terrace appear to be quite unfossiliferous, and it is probable that the 
shell-bed referred to may be of older date than the terrace, and of the 
same age as the shelly brick clays which occur underneath the upper 
boulder clay in the lower reaches of the Clyde. (See par. 107.) The 
terrace in which the shells in question occur may be traced from near 
Hamilton (Sheet 23), along the south side of the valley down to within 
a short distance of Cambuslang. Its boundary is very well marked out 
by the contour line of 200 feet. On the north side of the river it forms 
an equally well-marked platform or terrace, which may be followed at 
nearly the same height down as far as Viewpark. After this its 
bounding-line gradually falls to about the 100 feet contour-line. Its 
surface is sometimes very level, at other times gently undulating. At 
and above Uddingston ft is largely made up of clay, silt, and sand, but 
further down the valley its materials become coarser, and its surface more 
irregular, so that it passes, as it were, into a series of banks, hummocks, 
and heaps of gravel and sand, as at Drumsargad Castle and Daldowie. 

105. (1) 100 Feet Terrace.— In the neighbourhood of Falkirk, 
skirting the low plain known as the " Carse," from which it is always 
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separated by a steep bluff or cliff, lies a flat terrace wbich begins neai? 
Lauiieston, widens out towards Falkirk, and passes up to about Bonny- 
bridge. Tbe Carron and Bonny Waters bave cut on tbis level tract deep 
and wide cbannels, on the floors of which they have laid down their own 
alluvial haughs. K'orth of these streams the terrace reappears as a broad 
platform, on which the villages of Stenhouse Muir and Larbert stand, and 
the famous Falkirk Trysts are held. It may be described as forming in a 
sense all the ground between the Scottish Central EaUway and the Carse. 
This terrace appears to have originally sloped gently from its inland margin 
towards the Forth. Even now, though much cut up by the water-coursefe 
which trench it, it stUl, when viewed in certain directions, retains much of its 
primitive character, for these inequalities are then lost sight of. Its upper 
limit near Falkirk is bounded by the 100 foot contour-line, but when traced 
upwards towards Bonny bridge, it rises to about 120 feet above the sea- 
level. If followed into Sheet 39 in the neighbourhood of Stirling, this 
peculiarity is still more striking. 

106. The strata composing this terrace consist chiefly of tough, finely 
levigated and well laminated, plastic brick clays, which have the 
appearance of sheets of gutta percha piled on each other. These clays 
usually form the base of the series, while above them come alternations of 
fine sands and bands of more sandy clay than the bottom beds. Near the 
margin of the terrace, beds of fine gravel often form the highest beds. 
That those deposits were accumulated under glacial conditions of climate 
may be inferred from the fact that among the lower brick clays, where 
scarce a grain occurs to roughen the extremely fine silt, a striated stone may 
now -and then be detected. These extraneous fragments are from six to 
eight inches across, and look eis they had been drifted away and dropped in 
by floating ice. The clays, too, seem to be made up of the flour of rocks — 
a true ice-formed mud carried from inland glaciers by streams and deposited 
in the quiet waters of the Firth. They are singularly devoid of organic 
matter and organisms. Such fossils as have been met with are of an 
arctfc type. Bones of a seal were got at Grangemouth in an extension of 
these beds under the Carse, which Professor Turner thinks to be those of 
Pagomys fcBtidus?- Among the beds which overlie the brick clay, several 
of the clay seams are crumpled up in a wonderful manner, great sheets of 
them being rolled over and over, and involving the associated sands for 
considerable horizontal distances, as evidenced by the sections in the 
railway cuttings at Larbert. This would seem to point to the stranding 
of sheet pack ice on the sand and mud banks of that period. The 
clays and sands of this terrace lie indiscriminately upon the older forma- 
tions. Near Pohnont they are found reposing on an eroded platform of 
boulder clay. At Falkirk they lap round and obliterate the kames of the 
sand and gravel series. At Larbert they again rest on the boulder clay, 
while near Hamilton Farm, north of that place, they lie on the bare rock. 
At Grangemouth and under the Carse generally they have boulder clay 
beneath them. It would seem that these beds were laid down when the 
land stood 100 feet below its present level, and that while the sea was 
eating into the land along its margin deposition was going on further to 
seaward. 

107. Similar phenomena may be observed in the valley of the Clyde, 
where a corresponding well-marked terrace has been cut into the boulder 
clay, and the deposits by which that clay is overlaid. This terrace con- 
sists of accumulations of clay, sand, and gravel, lying on an eroded platform 
of boulder clay. Its surface is generally very level, and it reaches 100 
feet over the sea. Its boundaries are indicated upon the Map by the 
green lines in the vicinity of Shettleston, Cambuslang ,&c. At and below 
' See Proceedings of the Boyal Society of EMnburgh for 1869-1870, pages 105-114; 
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the level of this terrace brick clays are extensively worked in the 
aieighhourhood of Glasgow. These clays, however, belong to the older 
drift series, — their true position being in the boulder clay, as is shown by 
their being covered here and there by broad sheets of boulder clay. They 
occur at or near the surface on the 100 feet terrace, simply because the 
boulder clay that once covered them has been largely denuded. 

.108. (2) Fifty Feet Terrace or Eaised Beach.— This terrace 
forms the platform on which the " Carse" of Falkirk lies. It is bounded on 
the landward side by the bluff above referred to as always fringing the 100 
feet beach, and at the seaward side by the recent mud of the Forth. Its 
upper hmit, like that of the 100 feet beach, rises in level the further inland 
it is traced. In the present district it nearly coincides with the fifty feet 
contour-line. This wide flat is in great measure a platform cut out of the 
older drift deposits; and in some places, indeed, projecting ridges of the 
underlying rock have been reached. Over this platform has been spread a 
thin coating of dark mud and sand with beds of recent shells. These 
deposits become thicker as they recede from the bluff or old shore line 
towards the water. Many of the clays or muds among them are quite 
foetid from the quantity of organic matter they contain. Layers of peaty 
matter are not of infrequent occurrence. Bones and antlers of red deer 
have been found in them. Both the present terrace, therefore, and that 
at a level of 100 feet are partly terraces of denudation and partly of 
deposition. Properly speaking, they are only raised beaches along their 
upper margins ; their lower sloping surfaces mark the infra-littoral areas of 
their time. 

109. A line of interesting kitchen-middens runs along the bluff for half 
a mile or so on either side of where the River Avon enters the Carse. A 
section across a heap fifty yards long by twenty wide was exposed in a 
road cutting, and showed many successive layers of shells— principally 
oysters — to a depth of three feet without the bottom being visible. The 
remains of fire places were plentiful among the shells. Oysters seem to 
have been preferred by the makers of the midden, though they had also 
used the Anomia, the big "horse mussel" (Modiola), the common 
mussel (Mitylus eduKs), the whelk {Buccinum undatum), periwinkle 
{Littorina Kttorea). Fragments of the large edible crab {Cancer Pagvrus) 
were also present. All the valves of the oyster were separate except such 
as had been empty, and which still had barnacles or zoophytes in their 
interior. ITie mussel and other shells "were found in separate nests, and 
not indiscriminately throughout the mound. Layers of sand were also 
found among the shells. All the middens observed occur on the bluff 
itself or just at its base, as if, when it was the limit of high water, 
the people who formed the middens, after searching the shores during 
lowwater, had retreated thither to enjoy their feast while the tide 
covered their hunting ground. The presence of the middens in this situa- 
tion, taken in connection with the canoes and rude weapons found near 
the whale's skeleton in the Carse clays near Stirling, would tend to point 
to the upheaval of the Carse since the occupation of the country by man. 
Few or no oysters are now found in the Forth above Borrowstounness. 

Alluvium — Peat. 

1 10. Alluvium. — The low tracts bordering either side of the Eiver Forth 
above Borrowstounness, are alternately covered and laid bare by the tide. 
At low water they show a great breadth of dark unctuous estuarine mud. 
By means of turf dykes and self-acting sluices a considerable portion of 
this ground has been reclaimed from the estuary into good arable land, 
and more work of the same kind might be done with advantage. 
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ConsideralDle belts of alluvium fringe the larger streams which enter 
the area of the Map, and from the characteristic " haughs." In the case 
of the Clyde, the river winds through an alluvial plain of its own making, 
sometimes exceeding a mile in breadth. The Kelvin likewise has cut 
out a broad channel through the drift deposits, and laid down a wide but 
sinuous band of alluvium. This stream, from Castleoary to Kilsyth, 
appears to have at one time flowed through a chain of small lakes, and 
to have gradually silted them up. The Eiver Avon, near Slamannan, 
seems to have had a similar history. Many of the streams show successive 
traces of alluvium at different heights, the uppermost being of course oldest. 
These older river plains commonly exist in very fragmentary forms, seeing 
that they are cut away during the gradual erosion of their valleys. Such 
fragments as could be expressed upon the scale of this Map will be found 
marked along the river margins. If ear Bothwell, on the Clyde, for 
example, fragments of three successive terraces rise above the modem 
alluvium of the river. Perhaps the Carron, better than any other stream 
within the area of the Map, illustrates the erosive and reproductive action 
of a river. Together with its tributary the Bonny Water, it has excavated 
a deep trench, partly through solid rock, and partly, in its lower reaches, 
through the older marine terraces and the diifts. The curious mounds 
known as the " HiQs of Dunipace " are monuments of this erosion, for 
they can be identified as portions of the 100 foot terrace left standing in 
midst of the valley whicb. has been cut away around them. The Carron 
flowed originally on the top of this terrace. By degrees it has cut its way 
down to a depth of fully 80 feet below that former leveL The Hills of 
Dunipace, no doubt, rose in one or more of the loops or " links " of the 
river, and keeping that position while the river curved aU round and 
between them, they have succeeded in escaping destruction. Of its pro- 
gress the river has left behind other memorials, in the form of successive 
terraces marking stages in the erosion of the valley and in the deposit of 
the alluvium. Four such river beds may be seen one above another near 
Dorrator. One of them may show the level at which the river ran during 
the formation of the fifty-foot beach. Since the elevation of the land the 
river has cut beneath the level of the surrounding Carse lands, and laid 
out stiU lower flats of alluvium down to Grangemouth. These merge 
insensibly into the lower parts of the raised beach and recent mud of t£e 
Forth. 

111. Besides the level "haughs" bordering the streams, there occur 
abundantly over the area of the Map smaller isolated tracts of alluvium, 
which evidently occupy the sites of former shallow lakes in the hollows of 
the drift deposits. In many cases these old lake- beds have been covered 
with peat, which has been removed in whole or in part by agricultural 
operations. 

112. Peat. — The undulating moory ground that stretches between 
Castlecary and the valley of the Breich Water is mantled with interrupted 
sheets of peat, some of which are of considerable extent, as Fauldhouse Moor, 
Fannyside Muir, Gardrum Moss, &c. Not a few of the peat mosses seem 
to occupy the sites of old lakes ; in some cases, indeed, portions of the 
lakes stUl remain. The larger mosses, however, are merely fragments of 
what seems at one time to have been a very wide-spread covering of peat. 
Agricultural operations have done much to alter the face of the country 
in this respect within the last hundred years, but portions of the original 
unreelaimed mosses are stUl plentiful enough. Almost every hollow 
between the ridges to the south of Falkirk, for instance, contains its 
independent patch of moss. Extensive clearances have been made of the 
vnde tracts of peat which once covered the low land of the Carse. The 
clays below the peat yield there a very fertile soil, hence the peat has 
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-been removed acre after acre, and in many cases thrown into the Forth, 
Lethan Moss is a large fragment of the Carse moss stiU unreclaimed. 

113. Owing to the flatness of the ground on which some of the large 
peat-mosses of the central coal-fields lie the drainage is not rapid, and the 
spongy peat is apt to gather a large quantity of water during heavy rain. 
Not many years ago, after a wet season, one of the mosses in the 
Slamannan district swelled up and burst. The peaty mud escaped into a 
valley, and still covers several acres of arable land to a depth of some feet. 
Beneath the peat-mosses roots and trunks of large trees, principally oak 
and pine, are met with in abundance. The pine wood is still quite fresh 
and resinous, while the oak is black and decayed. 

Soils- 

114. The character of the soU iu this as in other regions depends mainly 
upon that of the rock or formation lying below. By far the larger portion 
of the low grounds represented in the Map have boulder clay for their 
superficial covering, and this deposit yields as a whole a somewhat heavy 
tenacious soiL Unless where well drained, therefore, it is cold and wet. 
In some districts where it has been long under cultivation it acquires a, 
loamy surface, from the gradual washing away by the rain of particles of 
clay. Considerable difierences, however, may be observed in boulder 
clay soils, according to the materials out of which the clay has been mainly 
formed. For instance, where that deposit is mostly made up of the 
debris of Carboniferous rocks the soU becomes poor, and it regains a 
better quality in proportion as this debris disappears from the underlying 
deposit, 

115. The sand and gravels of the drift series form a warm porous soil, 
which, however, is apt to be as undesirably light as the boulder clay soils 
to be stiff and retentive. Admirable soUs are furnished in the Forth 
valley covering the 100 feet and 50 feet terraces. Those on the higher 
platform vary according to whether the sands or brick clays are exposed 
at the surface. Those at the lower level are for the most part heavy clay 
soUs. Both these areas have the further advantage of being near 
the sea-level. In the bottom of the river vaUeys, the soU, although 
somewhat variable, is generaUy fertUe, consisting in large measure of fine 
loam. Here and there it becomes rather sandy and light, while in other 
places again it passes into a heavy clay. .Peat, where reclaimed, bears 
tolerably good crops. 

116. Where the underlying rocks come bare to the surface we observe 
stiU greater diversities in the character of the soUs. Thus, on the Car^ 
boniferous strata, where devoid of drift, especially on those of the Mill- 
stone Grit series, nothing but a poor hungry soil is found. Igneous rocks, 
on the other hand, are much more fertUe. In the hoUows of the basalts, 
where any amount of debris has accumulated, a pretty fair soU is 
obtained. Hence a difference may be noted between the hUly tracts in 
the north-west and those in the south-east quarters of the Map. In the 
former case, the underlying igneous rocks being sparsely coated with 
boulder clay, form tracts of good pasture land ; in the latter case, the 
sandstones, shales, and other Carboniferous strata also afford pasture, 
but of an inferior quality. 

Economic Minerals. 

117. Building Materials. — The chief buUding material in the districls 
included in this Map is sandstone, which is met with in each division of 
the Carboniferous formation, but in a workable condition, chiefly in the 
.Limestone series, the Millstone Grit, and the Coal-measures. The TJppef 
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^Eed Sandstones are quarried sparingly, as at Thornwood, near Udding- 
ston ; Brancheoch, near Cambuslang ; near Bellshill, Shettleston, Lang- 
loaa, &c.; but the stone, as a rule, is neither very ornamental nor very 
durable. Good sandstones occur in the true Coal-measures, but owing to the 
many faults by which the strata are traversed, the sandstones are often 
seamed with too many joints, and so rendered useless for building pur- 
poses. In the Clyde basin they have been very sparingly worked ; the 
stone chiefly used in that district for ordinary purposes being the harder 
bands and beds that occur amongst the Upper Bed Sandstone group. 
The sandstones of the Millstone Grit series are generally coarse-grained 
and soft, and are therefore not durable, and fit only for local use and 
unimportant structures. 

118. In the northern and north-eastern districts, round Falkirk and 
Larbert, sandstones lying at the base of the Coal-measures are extensively 
worked, and from the proximity of the quarries to both railways and a 
canal, are both used locally and sent to a distance. Near Kilsyth sand, 
stones on the horizon of the Highland Park or Bannockburn coal-seams 
are much in request; while in the Denny and Castlecary neighbourhood, 
the sandstones most quarried are those of the uppermost division of the 
Carboniferous Limestone series. All these horizons afford excellent build- 
ing stone. From the great sheets of basalt near Kilsyth, curb and paving 
stones are extensively manufactured and sent chieflj' to Glasgow, while the 
■chips are used as road metal. In out of the way places any of the rooks 
of the district lying conveniently at hand are used as rubble or for dry- 
stone dykes ; but the above are the priucipal sources of building material. 

119. Limestones. — The Hurlet and Campsie Main Limestone, as well as 
the Hosie's seams, have long been worked extensively in the north-west 
part of the Map. They crop out in a great many places round Lennox- 
town, and thence by Kilsyth and Denny to Stirling. They aie also 
quarried to the north and east of Bathgate. The Calmy Limstone was 
formerly extensively worked, though, from the amount of sediment 
which it contains, it must have yielded an inferior kind of lime. The 
Index Limestone was extracted at DuUatur, and, though thin, was of 
good quality. The only limestone now worked in the central and 
northern districts is the Castlecary seam, which makes excellent lime both 
for agricultural and building purposes, and, from its comparative purity, 
for iron-smelting also. This seam is likewise worked at Levenseat and 
Standhill. Most of the limestones seem to have been formerly much 
sought after, as may be inferred from the numerous abandoned quarries. 
Since the introduction of railways into the district, however, lime from a 
distance can be procured better and cheaper. 

120. Boad-Metal. — The patches and dykes of igneous rocks which are 
represented on the Map as intersecting the Carboniferous strata, almost in- 
variably yield excellent materials for road-metal, and they are invariably 
quarried for this and for rough building purposes. The contemporaneous 
igneous rocks of the Bathgate HUls yield rock of a similar character. 
The igneous rocks of the Kilsyth HUls' and the Cathkin Hills also form 
durable road metal, but not of so excellent a quality as the intrusive and 
contemporaneous basalt rocks of the coal-fields and the Bathgate Hills. 

. 121. Fuel. — The area occupied by coal-bearing strata is indicated on 
the Map. The seams consist of common, splint, gas, parrot, or cannel, and 
steam coal, the latter being developed chiefly in the neighbourhood of 
intrusive igneous rocks. No workable coals occur in the MUlstone Grit, 
nor in that area of the Calciferous Sandstone series which comes into 
the present Map. Peat occurs some what plentifully (see par. 1 1 2), and of 
good quality ; but, with abundant coal in the neighbourhood, it is not 
how use'd. It might be worked in the event of coal rising much in price; 
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but as none of the peat-mosses attains a great depth, this resouice would 
soun be exhausted, for a large proportion of the peat indicated upon the 
Map is too thin and light even for domestic purposes. 

122. Oil Shales. — The bed known as the Kiltongne Musselband is 
pretty extensively worked in the Clyde and North-central basins for oil, 
especially in the Airdrie district. It is worked also at Shatts and else- 
where. One of the most valuable seams from which oil has been obtained 
is the well-known Boghead or Torbanehill parrot, but it is fast approaching 
exhaustion. 

123. Bedded Ores. — Two kinds of iron ore are worked, viz., clayhand 
and blackband. In the coal-fields of the Clyde basin the principal seams 
of the latter have been worked for many years, and are approaching 
exhaustion. The various bands are the Palacecraig Ironstone, Airdrie 
Blackband, Newarthill or Cleland Eoughband, Bellside or GreenhOl Iron- 
stone, Kiltongue Musselband, Calderbraes or Kennelburn Ironstone, Upper 
Slaty Ironstone, and Lower Slaty Ironstone. In the North-central l^sin 
occur the Upper and Lower Slaty Ironstones. 

124. Several other bands are found in connection with coal-seaHis, but 
they are only lenticular and local, and would not pay to work separately 
from the coal-seam. They occur along with the Johnstone coal at Sla- 
mannan, the lower Coxroad or Balmoral coal, and the Auchingane coal. 
Blackband ironstone is extensively mined at Kilsyth and Denny, where 
several seams are found in the Carboniferous Limestone series. Clay 
ironstone is worked in connection with the Shotts Furnace coal and the 
Ball or Coalinshields coal ; and two bands of clay ironstone occur in the 
underlying Millstone Grit series, viz., the ginstone, and the curdly or curly 
ironstone. Clayband ironstone of good quality used to be obtained at 
Banton and Denny, in the Carboniferous Limestone series. Several 
seams of the same mineral have been mined at Falkirk among the strata 
immediately overlying the slaty-band ironstone. They have also been got 
from the horizon of the Brighton main and Auchingane coals. 

125. Alum Shale. — ^This mineral has long been largely mined in the 
Campsie district. It occurs there immediately below the Hurlet or main 
limestone as a seam of pyritous dark shale from two to fourteen feet in 
thickness. Exposed to the air it decomposes, and an abundant efflorescence 
of alum appears. Alum is also made from a shale connected with the 
Coxroad coal, near Falkirk, by calcining it and treating it with sulphuric 
acid. It is, strictly speaking, not an alum shale, though used in the 
manufacture of that substance. 

126. Brick Clays. — Excellent fire-bricks are made from th« fire-clays 
which occur among the Coal-measures, and from the Carboniferous rocks 
generally. In the neighbourhood of Falkirk the low part of the Coal- 
measures produces the greatest quantity. Fire-clays of excellent quality 
are also largely worked in the Millstone Grit series to the east of Glasgow. 

127. In the neighbourhood of Falkirk the boulder clay is extensively 
ground up with some of the coarser fire-clays and shales, and makes good 
bricks. More usually, however, it is the layers of stratified clay lying 
upon that deposit, or intercalated with it, which are employed for this 
purpose. The latter are, on the whole, interrupted and of small extent, 
while the upper clays sometimes cover considerable areas, as in the 50 feet 
and 100 feet terraces. These terrace clays make good bricks, and at 
Grahamstown they are manufactured into the common kinds of earthen- 

128. Sand. This useful material may be obtained in large quantities 

from the terraces just mentioned, from the intercalated sand-beds in tl e 
l.oulder'clay, or from the upper sandy and gravelly drift (see pars. 99> 
100, 101). 
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I.— LIST OF LOCALITIES 

FROM WHICH FOSSILS HAVE BEEN COLLECTED BY THE GEOLOGICAL SUEVBY IN 
WEST LINLITHGOW, NORTH-EAST LANARK, SOUTH-EAST STIRLINGSHIRE, 
WITH DETACHED PORTION OP DUMBARTON. — (Sheet 31.) 

Collectors— M-essTS J. Bennib and A. Maoconochib. 

( The numlers are those by which the localities are denoted in the swceeeding List 

of Fossils, 

A. — Linlithgow, Bathgate, and Whitburn Districts. 

1. Chance Pit, No. 21, Kinneil, near Bo'ness. 

2. Mingle Pit, No. 1, KinneU. 

3. Loudon Pit, No. 18, Kinneil. 

4. No. i Pit, Kinneil. 

5. Snab Pit, 1 mile S.W. of Bo'ness. 

6. Deaa Pit, No. 13, Kinneil, near Bo'ness. 

7. Dykeneuk Old Quarry, Kinneil, IJ mile S.W. of Bo'ness. 

8. River Avon, 100 yards below Kinneil Mill, 1 mile N.W. of Linlithgow. 

9. River Avon, opposite Little Mill, 1^ mile N.W. of Linlithgow. 

10. Craigenbuck Old Sandstone Quarry (from mine nearly opposite^ 

11. Mine on right bank of the River Avon, by railway bridge at Todd's MilL 

1 2. Mine below do. 

13. River Avon, at railway bridge, near Avonbank, N.W. of Linlithgow. 

14. Linlithgow Bridge, at Linlithgow. 

15. River Avon, half-way between Avon Paper MUl and Linlithgow Bridge. 

16. River Avon, under Woodoockdale House, and opposite Manuel Mill. 

17. Easter Oarriber Farm-hcuse, burn under, IJ mile S.W. of Linlithgow. 

18. River Avon, bend below Canal Aqueduct, 2J miles S.W. of do. 

19. Bowden Hill Limestone Mines, S.W. of do. 

20. SUvermine Quarry, North, N.E. of Bathgate. 

21. Silvermine Quarry, South, da 

22. Sunnyside Quarry, Knock Farm, do. 

23. Gralabraes Quarry, N.E. of Bathgate. 

24. PetershUl QuaiTy, do. 

25. Wardlaw Quarry-, 2 J miles N.E. of Bathgate, 
2fi. Kirkton Quarry, East, near do. 

27. Kirkton Quarry, West, near do 

28. Hilderston Colliery, IJ mile N.W. of do. 

29. StandhUl Limestone Pit, 1^ mile S. of do. 

30. Almond Kiver, at Blackburn. 

31. Murrayfield Old Pit, shale heaps at, near Blackburn. 

32. Blackburn. 

33. Murrayfield Old Quarry, near Blackburn. 

34. Skolieburn. S. of Blackburn; upper quarry below bridge, west of Addiewell 

workmen's houses. 

35. Skolieburn, shale im situ, on the left bank, below bridge, as before. 
86. Skolieburn, quarry-heaps on right bank, as before. 
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37. Skolieburn, below road at Addiebrown Hill. 

38. Skolieburn, at wood near do. 

39. Woodmuir Burn, at bend half-way between two roads, 2i miles S. of Whitburn. 

40. Old Coal Pit on roadside, W. of Longford, 3 miles S. of Blackburn. 

41. No. 16 Mine, Addiewell, near Blackburn, 

42. Levenseat Limestone Pit, near I'auldhouse. 

43. Levenseat Quarry, near do, 

44. Climpy Quarry, near do. 

45. Whitehonse QuaiTy, half a mile E. of Levenseat. 

46. Curly Ironstone Pits and Old Pit-heaps, Gladsmuir Hills, about 2 miles S. of 

Fauldhouse. 

47. No. 10 Pit, Boghead (James EusseU & Sons), Whiteside Farm, S.W. of Bath- 

gate. 

48. No, 2 Pit, Trees (W. Torrance & Co.), 2 miles S.W. of Bathgate. 

4». JNos. 14, la, and 16 Pits, Barbauchlaw, Armadale (Monkiand Iron and Steel 
Co.), ^ miles W. by S. of Bathgate. 

50. No. 15 Pit, Coppers (Shotts Iron Co.), near Westfield, 3 miles S.W. of Bathgate. 

51. Nos. 5 and 10 Pits, Eathville (J. Watson & Sons), BathviUe Oil Works, 2* miles 

o. W. of Bathgate. 

52. Fauldhouse Colliery, 4J miles S. W. of Blackburn. | 

^■— Kirk of Shotts, Airdrie, Coatbridge, Bothwell, Cambuslang, and 
Skettleston Districts, 

53. Slatyband Pits at Crofthead, near Fauldhouse. 

54. Coal Pit near Crofthead, do. 

55. Slatyband Ironstone Pits at Benhar Row, 1 mile S.S.W. of Harthill, 
66, Slatyband Pits, Polkemmet Moor, 1§ mile S, by E. of Harthill. 

57. Pit near Hartwood HUl, 1 mile W. of Dikehead. 

58. Coal Pit near Wester Baton, 1 mile N. of Dikekead. 

59. Old Pit on side of bum at Dikehead. 

60. Streamlet in wood, a little N.W. of Hills of Murdeston Farm, 2 miles N. of 

Shotts Kirk. 

61. No. 1 Pit, Mount Cow, U mile N.N.E. of do. 

62. No. 2 Pit, Spindleside, H miles do. 

63. No, 1 Pit, DuntiUan, at Scarknowe, 1 mile N,N,W, of do, 

64. No, 3 Pit, Midge, at Bellside Railway Station, 3* miles N,E. of do. 

65. Coal Pit a little south of Fortissat, IJ mile S.S.E. of do. 

66. Pit at Manse, IJ mile S. of do. 

67. Pit on roadside at Turnpike, j mile west of last locality. 

68. Old Coal Pit, near AucMnlea, 3 miles S.W. of Shotts Kirk. 

69. No. 1 Pit, Windy Edge, 3 miles S.W, of do. 

70. No. 2 New Pit, Windy Edge, side of Mineral Railway, 3 miles S.W. of do; 

71. No, 3 New Pit, do,, do, 
71, Old Pit near NewarthilL 

73. Pit on roadside near Greenhill House, E, of Newarthill, 

74. Pit a little S. by W. of last loealitj;. 

75. Shotts Bum, at bridge near Langside, If mile W. of Shotts Kirk. 

76. The same, 250 yards further down stream. 

77. The same, below Fairybank, 2} miles W. of do. 

78. Musselband Pit, a little N.E. of Auchinlea, near Newarthill. 

79. Pit, a little N.E. of Auchinlea, near do. 

80. Coal Pit, side of Mineral Railway, 2f miles S.W. of Shotts Kirk. 

81. Old Pit at Lillyloch, 2i miles N. by W. of do. 

82. North Calder Water, 150 yards above road leading to Chapelhall, between 

Airdrie and Newarthill. 

83. Mine on Shotts Bum, above Chapelhall Iron- Works, near Airdrie. 

84. Shotts Bum, Mine at Linn, opposite Budshaw, 2f miles S.S.E. of do. 

85. Newarthill Bum, 150 yards below road leading from Newarthill to Legbrannock, 

3| miles S. by E. of Airdrie. 

86. Coal Pit, a little to S. W. of Racecourse, do. 

87. Ironstone Pit, in Racecourse, do, 

88. Old Pit, at Thrushbauk, 1 mile N, by E, of do, 

89. Bum, at cottage near Rig, 2| miles N, of do, 

90. Cameron Burn, in glen near Mine to "Blind Coal," opposite Auldshields, 3 J 
; . miles N, of Airdrie. 

91. Cameron Burn, a little further down stream, 

92. Cameron Burn, close to road leading t5 Greengairs, 

93. Streamlet above Caldercruix Station, 4 miles E, by N, of Airdrie, 
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04. Glenmavis Buin, in wood at Farm, 1 mile N. of Airdrie. 
96. Glenmavis Bum, in wood, J mile S. of Glenmaris. 

96. Old Pit, near Delmacoutlier, li mile N. hy E. of Airdrie. 

97. Coal Pit at AirdriehiU Farm, near do. 

98. Ironstone Pit, side of Railway, li mile S.W. of Langndge-End, near do. 

99. Old Coal Pit, do,, do. 

100. B.B. Ironstone Pit, at Darngavel, 2i miles N. by E. of Airdiie. 

101. Old OU Shale "Works, a little "W. of do. 

102. Pit at Palacecraig, near do. 

103. Old Ironstone Pit near Palacecraig. 

104. No. 10 Pit Cambroe, 24 miles S.S.W. of Airdrie. 

105. Ironstone Pit, J mile E. of Palacecraig. 

106. Pit near Palacecraig, near Airdrie. 

107. Coal Pit, Todholes, a little W. of Calder Iron-Works, near do. 

108. Bedlay Railway Cutting, i mile E. of Chiyston, near Coatbridge. 

109. Old Pit at side of stream, near Glenpark Cottage, J mile E. of MoUinburn, 

near Coatbridge. 
109a. Limestone Pits, 4 mile S. of MoUinburn, 3 J miles N. of do. 

110. Glenboig Brick- Works, 2i miles N. of do. 

111. Coal Pit, at Heatheryknowe HousCj. 2 miles W. of do. 

112. New Coal Pit, 250 yards from Uddingston, near Bothwell. 

113. River Clyde, at Craighead House, near do. 

114. Pit near Carmyle, 1 mile N. of Cambuslang. 

115. Coal' Pit, at Great Newlands, IJ mile S.E. of Baillieston. 

116. North Calder Water, above Bredisholm, 14 mile E.S.E. of do. 

117. Pit on roadside at Nackerty, If mile S.E. of do. 

118. Coal Pit, at Rosebank, If mile E. of do. 

119. New Pit, 4 mile E. of do. 

120. Garnkirk JBriok-Works, 34 miles N. of do. 

120a. Coal Pit at Mount Vernon Station, 1 mile S.W. of do. 

121. Old Pit at Shettleston. 

122. Pit at West Hills, Shettleston. 

123. Railway Cutting at ToU, 1 mUe N.E. of Glasgow. 

124. Old Pit, S.E. of KennyhiU, 14 mile N.E. of Glasgow. 

125. Old Shank to Fireclay, south side of Canal, near Blackhill Lochs, I4 mile 

N.N.E. of do. 

126. Quarry, N. of Germiston Mains, I4 mile W. of Hogganiield Loch. 

127. Ironstone Pit, N.E. of Balornock House, 14 mile W. of Hogganfield. 

128. Old Quarries, N.E. of Barmnlloch, N.W. of do. 

129. Old Quarries at Robroyston House, N. by W. of do. 

130. Old Quarry at WoodhUl, near Auchencairn, N. by W. of do. 

C. Kirkintillocli, Lennoxtown, Kilsyth, and Cumbernauld Districts. 

131. Railway Cutting near Myremailing, 2f miles S.W. of Kirkintilloch. 

132. Old Pit, N. of Loch Farm, I4 miles S. by W. of do. 
132. New Pit, at Waterside, I4 miles E.S.E. of do. 

134. Luggie Water, at Waterside, do. 

135. Glenwhapple Burn, a little S. of Craigenglen, I4 miles S. of Lennoxtown. 

136. Glenwhapple Bum, a little N. of do. do. 

137. Ironstone Pit, W. of Muirhead, IJ miles S.W. of do. 

138. Culloch Slap Mine, 1 mile W.S.W. of Lennoxtown. 

139. Boyd's Burn Mine,-near Lennoxtown. 

140. Bum a little below Bencloich Mill, N.E of Lennoxtown. 

141. Bum passing Bencloich Mill, above wall forming limit of cultivated ground, 

N.E. of Lennoxtown. 

142. Mine, a little north of Glorat House, 1 mile N. E. of Lennoxtown. 

143. Mine to Main Limestone, N. of Balgrochan, near Lennoxtown. 

144. Bum Rannie, at Balgrochan, near Lennoxtown. 

145. Limeworks at Scullingour, 1 mile N. of Lennoxtown. 

146. Old Quarries along foot of Campsie HiUs, N.E. of Lennox town. 

147. Junction of Bnmiebrae and Spouthead Bums, 1 mile N. of Milton of Campsie. 

148. Glenwhapple Bum, north of Craigenglen, near Lennoxtown. 

149. Cowie's Glen, Burniebrae Burn, near Lennoxtown. 

150. Most easterly branch of Spouthead Bum, 1 mile N. of Milton of Campsie. 

161. Second branch of Spouthead Burn, near junction with trap, 1 mile N. of Milton 

of Campsie. 

162. Redcleugli Burn, Spouthead Bum, at junction with the trap of the hill, 1 mile 

N, of Milton of Campsie. 



153. Bumiebrae Burn, close to jjunStioB with the ttafi of the hiil, IJ mite 'N.E. •flf 

Milton of Campsie. 

154. Biirnlebrae Bum, aboat half w^ Uetween trap and wall, 1^ mfl* If.E. of 

Milton of Campsie. 

155. Bumiebrae Bam, further down burn, bdbw wall, IJ mile N.E. of Milton of 



156. Bumiebrae Br&n, still further dotm btfm, at road, If mile N.E. of Miltin «f 



157. Bumiebrae Bum, east of Shield's Cottage, near Milton of Campsie. 

158. Old Quarry, west by Dramaim, IJ mile N.E. of Milton of Campae. 

159. Corrieburn, at stone waU on -hillside ab6Ve Caimbog FaTm, 2J Mte W.N.W.'fJf 

Kilsyth. 

160. Corrieburn, at side of glen, below stone waB, .2| miles ;W.N.W. of Kiby^. 

161. Corrieburn, large escarpiBent in most Easterly braliehTjfi Smiles W.N. W. of 

162. Bufn, iisii a mile N.E. pf Gdirie Farm, SJ miles W.N.W. of Kilsyth. 

163. Burn, at wood north of Caimbog, 2 miles W.ir.W. of Kilsyth'. 

164. Coal and Ironstone Pits at Bord, SJ miles S. by W. of Kilsyth. 

165. Bum, side of railway near Westerwood, S miles E. of Kilsyth. 

166. Old Refuse Heaps at Miries, 'side ctf Eailway, 2J miles E. 'Of Kilsytii. 

167. Old Quarry near Duliatu'r, 2 miles E.S.E. of Kilsyth. 

168. Coal and Ironstone I Pits at Solsgirffh, 14 mile E. of Kirkintilloch. 

169. Garrel Burn, in glen above Kilsyth. 

170. Garrel Bum, aboye lilahfanld. 

171. Burn, a little north of Lijw BantOn, ^i miles E.N.E. of EiKyth. 

172. Bum, below Drumressie, 2it utiles -E.N.B. of Kilsyth. 

173. Old Mine near Tomdn, 3 miles N.E. 6f Kilsyth. 

174. Craigdouffie, small burn a little below, 3 mUes N.E. of Kili^th. 

175. Old Quarry at head of stream, E. of Brockieside, 1| mile W. by E. of Kilsyth. 

176. Castlecary Limeworks, Gastlecary, near Gumbernauld. 

177. Fireclay "Workings, side of Railway, E. of Cumbemanld HotisB. 

178. Old Lime Workings, Cumbernauld House Policies. 

179. Mouth of Old Mine, side of RaUWay, | mile E.S.E. 'of Cumbei?nS,hld. 

180. Small Glen at Cambrain Fafin-, S. of 'Cumbtoanld. 

181. Old Quarries at KaVenswood, 1^ ^'^^ S. by W. of Guinbei-hauld'. 

182. Eavenswood Sandstone Quarry, IJ mile S. by W. of Cumberfianld. 

183. Glen, south of West FOT^st, IJ mUe S. of Cuinbemauld. 

183. Luggie "Water, above LenzieMill, 2 miles S. of Cumbertauld. 

D. — ^Denny, Larbert, Falkirkj Polmoat, ^and Slamannan .Districts. 

184. Steel Colliery, 'west oifHaggs, 3 miles B.S.'W'. of Denny. 

185. Linns, near head of stream at, 3 mUes W. of Denny. 

186. Castle Eankine Bum, hear GlenhBad, 2J miles S.W. of Denny. 

187. Castle Eanldne Glen, nearly opposite Castle Eankine, IJ mile W.S.W. of 

Denny. 

188. Old Pit, Banknock, 2 miles SiS.W. «f Denny. 

189. Coal Pit at Dennyloanhead, S. of Dehhy. 

190. Pit, north of Banknock House, 2J mUes S. S.W. of Deiliiy. 

191. River Carron, above MiU, IJ'mile W. of Denny. 

192. River Carron, at MiU, 1^ mile W. of Denny. j ^■ 

193. River Carron, 1 mile W. of Denny. 

194. Old Quarry in wood, E. of UortMeld, 2 miles N. of Denny. 

195. Bum, below MiU, IJ mile K of Denny. 

196. Streamlet in wood, near Dogrullock, 1 mile E.N.E. of Dunipace. 

197. Ironstone Pit, N.E of Quarter House, N. ef Dunipace. 

198. Torbum, at crossing of Roman Road, 24 mUes N. by W. of Larbert. 

199. Torbumj at Turnpike roa'd,-24 iniles N. by "W. of Larbert. 

200. River Carron, oMff'near!Priutwork,'Dendy. 

201. Pits, N. of Carron, near Larbert. 

202. Pit near Dmm, ^ miles K of Larbert. 

203. Earl of Zetland Brick and Tile'Wotks, dt Lock No. 8, Forth and Clyde ' CailAl, 

near Grangemouth. 

204. Old Quarry at' bridge, Rail wcty Station, Falkirk. 

205. Bum near Crosshill, 2i miles SiS.E. of Falkirk. 

206. Bum near Reddii^ Farin, S.E.' of Falkirk. 

207; Califdi'nfeirjpas and seetions near, 24 mUes S.S.E. of Palkh-k. 

208. West Quarter Bum, nearly opposite Knowehead, 14 mile S.E. 6f Falkirk. 

209! Railway cutting near Eedding,>2 miles E.S.E. af Falkirk. 

210. Cleugh Glen, 14 mile S. of Falkirk, 
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211. Small Burn, a few yards above Union Canal, IJ mile S.E. of Falkirk. 

212. Small Bnrn, at fault near Easter Pirley Hill, near Falkirk. 

213. Small Burn, at old coal pit, further up burn. 

214. Small Burn, stiU further up burn, at wester Pirley Hill. 

215. Small Burn, below and above road, J mile E. of Polmont. 

216. Burn, above road, E. of Blairlodge, 1 mile S. by AV. of Polmont. 

217. Sandstone Quarry at Brighton, f mile S. of Polmont. 

218. Bum above Kumford, IJ mile S. of Polmont. 

219. South Bautaskine, line of old quarries at, 1 mile S.S. W. of Falkirk. 

220. Streamlet, north of Auchengane, 2^ miles S.W. of Falkirk. 

221. Streamlet, in wood, above Railway, 3 miles W. of Falkirk. 

222. Old Mine, side of canal, at Gieenbank, IJ mile W.S.W. of Falkiik. 

223. Coal Pits near New Craig, SJ miles S.S.W. of Falkirk. 

224. Coal Pit, a Uttle south of High Stanerig, 1 mile N. by "W. of Falkirk. 
22.5. Old Pit, aide of Slamannan Railway, 1 mile E. of Slamannan. 

226. Old Pit, E. of Anchengane, 2J miles S.S.W. of Falkirk. 

227. Barn, at road, near Glencoig House, 2 miles E. of Slamannan. 

228. Coal Pit, at Blackbraes, 3 miles S. by E. of Falkirk. 

229. Bnrn, opposite Feu Hill, 1 J mile S. of Slamannan. 

230. Pits near Little Blackloch, 2 miles S. of Slamannan. 

231. Pits near Blackloch, 2 miles S. of Slamannan. 



IL— LIST OF FOSSILS. 

Cairboniferous. 
Lower Carboniferous or Calciferous Sandstone Series, 



Class, etc. 
FlwnUs, . 



CEMENT STONE GEOLtP. 
Shale above Sandstone. 

Name. 
Cyclopteris. — ;S^. .... 

Lepidodendron (fragments), 

Sphenopteris (like " Wardie Shale." — Sp.), 

Stigmaria, ...... 

Lingula. — ;S^. , , . . , 
Anthracomya Scotica, -^Eih. jun. I 



Locality Nnmbef 
169. 
170. 



166, 

170, 



Carboniferous Limestone Series, 

LOWER LIMESTONE GROUP. 

Ashy Shale above " ^Eurypterus " Limestone, below Main Limestone 

(Bathgate). 

Plmdce, , . . Plant remains plentiful, comprising Lepido- ) „rf 
dendron, Sphenopteris, &c. . , . j ^"■ 

Eirkton Marine Limestone, below Main Limestone (Bathgate), 

Actinmoa, , . Lonsdaleiafloriformis.-^Jforfiw ? , . \ 

Polyzoa, . . , Fenestella, — Sp. 

Brachiopodcl, , , Lingula mytiloides. — Sow ^.27. 

Productus semiretieulatus. — Martin, , , \ 

Spirifera duplicicosta, var. crassa, . . I 



Shale above Kitkton Marine Limestone. 
Bmchiopoda, , , Productus semiretieulatus.— i/artm, . 

>' » , >, ■ ■ 

var. Martini. — Sov>. 



■ 11. 
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Bark Skale and Kodules, a few feet uadei* an Impure Limestone, below 
Main Limestoiie. 

Class, etc. Fame. Locality Number,. 

. Athyris amWgua. — Sow. . , > 
Discina nitida. — Phillips, , 
Orthia Michelini. — LiveilU, 

,, resttpinata. — Martin, , . 

troduetus longispinus. — SoiOerby, 

„ Seinireticiilatus.T— ilfariim, . 

„ ,, l)ar. Martini. ^(Sbw. 

. Aviculopecten.-^Sp 

MyaMna sUblamellosa. — Eth. jmii ? ■ 
Pteronites persulcatus. — M'Coy, . 
. BeUerophon TJrei. — I'leming, . 



Pelecypoda, 
Gasteropoda, 

BrcKhv^oda, 



Ui. 



Shale over the Impure Limestone just mentioned. 



Chonetes Laguessiana. — De Koninctc, 
Spirif era trigonalis. — Martin, rar. 
Entolium Sowerbii. — M'Coy, 



UL 



Impure Clay-band Ironstone, below Main Limestonej 

AiineMda, . . Serpulites. — Sp. ...... 

Brachiopoda, , . Chonetes Laguessiana.-— Zfe koninctc, . 

Productus semireticulatus. — Martin, . s 

Rhynclionella pleurodon. — Phillips, . ^ 136i 

Aviculopecteu dissimilis. — Fleming, , 
Entolium Sowerbii. — M'Coy, 
Modiola lithodomoides.^^iA. jun, 

,r Thin Ferruginous Limestone in shale below Main Limestona 



Actinmoa, 



Brachiopoda, 



Ptanim, , 
Brachiopoda^ 



Gasteropoda, 



Foraminifera, 
Spongida, etc>. 



Lithostrotion irregulare. — Con. and Phill.l 
Heterophylla LyeUi. — DuncUn, . 
Fenestella; — Sp. ...... 

J Chonetes Buchiana.^-Z'e Koninctc, 
Lingula mytiloides,-— /Sow. 
Productus giganteus. — Martin, . 

,, punctatus. — Martin, . 

,, scabrioulus. — Martin, . 

,, semireticulatUSi — Martin, , 
Spirifera trigonalis, var. bisilleata.^;Sbw. 
Aviculopecten interstitialis;' — Phill. 

,, subconoideus. — Eth. jun. 

Entolium Sowerbii. — M'Coy, 
BeUeropTion Urei. — Fleming, 
Loxonema scalaroidea. — Phillips i 
Megalichthys (scales, &c.), . 

" Alum Shale " under Main Limestone. 

, Lepidostrobus— (Sp. . . . • 
I Lingula squamiformis. -^Phillips, 

Spirifera Urei. — Fleming, . 
. Leptodomus costellatus. — M'Coy, 

Myahna. — Sp. 

Posidonomya corrUgata.- 

Pteronites. — Sp. 
. BeUerophon Ifrei. — Fleming, 

Shales and Nodules below Main Limestone, 
, Endothyra globolus. — Eichwald, . 
. Saccammina G3.nen.— Brady? 
Stacheia polytrematoides. — Brady, 
Valvulina decurrens. — Brady, 

„ palaeotroohus. — Fhrenberg. 
„ ,, var. eompreasa, 



yi35. 

136. 

136, 136. 
135, 136, 

K135, 



136. 
135. 
136. 
135. 



139. 

138, 139, 
138. 

138, 139. 
138. 
139. 

128, 



23. 
23. 

148, 

23. 
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Class, etc. 
Spoiigida, etc., 

Actinozoa, i 



ScMnodermatd, 
Annelida, 

OrAstdcea, 



Folyzod, 



Srachiopddd, 



Peleeypodai 



Oasteropodd, 



OephaTopdda, 
PUceSi '. 



NaniB. 
Palffioooryne. — ^<S?). . . 
Hyalonema paiallela. — M'Ooy, 

Chsetetes.— /S^ 

Clisiophyllum coniseptum. — M. Edw, 
Cyclophyllum fungites.— i^Zoniwg't 
Dibunophyllum ? — Sp. 
Heterophylla hyaWi.— Duncan, . 
tithostrotion junceum. — Fleming, 
Lonsdaleia. — Sp. 

Zaphrentia Cliffordana. — Ed. and H. ? 
Archseocidarie Urei. — Fleming (spines, 

Serpulites carbonarius. — M'Coy, . 

Spirorbis caperatus. — M'Ooy, __ 

„ (near S. globosus, M'Ooy), 
Bairdia curta. — M'Ooy, 
i, e\.onga,t3..^^Milnster, 
,, grandis. — J.andK., 
„ Hisingeri. — Milnster, 
„ plebeia. — Eeuss, : 
DithyJocaris (fragment). — Sp. 
Kirkbya Permiana. — Jones, 
Leperditia Okeni. — Miinster, 
Fenestella. — Sp. 
Glauoonome. — Sp. . : 
Diastopora megastoma. — M'Ooy, . 
Ehabdomeson gracile. — Phillips, 

Sp. 
Athyris arabigua.— iSozo. 
Athyris Koysii. — LiveilU, . 
Chonetes Lagaessiana. — De Koninck, 
Discina TnliAa..— ^Phillips, . 
Lingula mytiloides. — Sov}. . 

„ squamiformis. — Phill. 
Produotua aculeatas.^ — Martin, . 

,, Cora. D'Orbignyt 

,, latissimus. — Sow. ! 
longispinus. — Sow. 
,, punctatus. — Martin, . 
„ semireticulatus. — Martin, 
„ ,, var. pugilis.- 

,, spinulosus. — Sow. 
Spirifera duplicieosta. — Phill: 
,, trigonfllis. — Martin, var. 
,j Urei. — Fleming, : 
Strophomena analoga. -^Phillips, 
Terebratula sacculus. — Martin, var. 

A-vdoulopeGten dissimilis. — Fleming, 

„ interstitialis.— 

■Entolium Sowerbii. — M'Coy, 
teptodomus costellatus. — M'Coy, 
Nucula brevirostris. — Phillips, , 
,, gibbosa. — Fleming, 
„ Youngi. — Etheridge, jun. i 
Bellerophdn decussatus. — Fleming, 

„ Urei. — Fleming, 

Loxonema rugifera. — Phillips, 
Murchisonia striatula. — De Koninck? 
Natioa variata. — Phillips 1 . 
Polyphemopsis fusiformis. — Sow.t 
Trochus breyirostris. — Phill. ? 
Disoites quadratus. — Fleming? . 
Elonichtbys striolatus. — Ag. (scales), 
Megalichthys (scales), 
Petalodus Hastingsii. — Owen, 

,, lt>ba,t'as,^^Elheridge,jun. 



&C.): 



Phill. 



Locality Kumbcr. 
148. 
23, 24. 



23. 

248. 

23. 

23. 

23. 

142, 148. 

23, 24, 145, 

148. 
23. 
148. 



I 



23. 

145. 

23. 

148. 

148. 

23. 

148. 

23, 24. 

23. 

23. 

23. 

45. 

136. 

140, 142. 

38. 

140. 

136. 

23, 145. 

23, 136. 

23, 136. 

236. 

23. 

136. 

136. 

145, 136, 140. 

143. 

136. 

23, 24, 136, 

140. 
145. 
140; 

140, 143, lie. 
140. 

136, 140. 
148. 
148. 

140, 145, 146. 
136, 148. 
148. 
148. 
148. 
148. 
145. 
148. 
148. 
24. 
23. 
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Siafe and Wild-Parrot Coal, 18 in. to 24 in. below Main or Hurlet 
Limestone, and above " Hurlet" Goat 



, etc. 
Bchinodermata, 
Awmlida, 



dasleropoda, , . 



Name. 
Archaeocidaris. — (tn. Sp. spines), 
Serpulites carbonarius. — M'Coyj . 
Lingnla. — 8f. .... 
Productus longispinus. — Sow. 
Orthotetes cienistria. — PMllips, . 
Aticulopecten ornatus. — Etheridge, 
Entolium Sowerbii. — M'Ooy^ 
L^ptodomus costellatus.^ir'Cdg^;- 
Pteronitea persulcatus. — M'Coy, . 
Solemya primaeva. 
Belleroplron Urei.- 



jun 



Locality Nunibei'. 



HI. 



Hifflet, Maia, Bathgate, or No. 1 Limestone^ 
Pbrcminifera, etc.,- . 
Adinomaf . j 



Echinodermata, 
Crustacea, . 
Brachiopoda,' . 



Pelayjf^daj 



Valvillina parlseotrochus. — Ehreviarg, . 

Hyalonema parallela. — M'Coy, . 

Cyclophyllum fungitea. — Fleming, 

Lithostrotion junceum. — Fleming, 

Lonsdaleia fkirifonnis; — Martin ! 

RhodophyUum ? — Sp 

Archseocidaria TJrei. — F'leming (spints, &o.), 
Gi-iffithides. — Sp. . , . . . 
Orthotetes crenistria. — PMllips j . . . 
Productus aculestua. ^-ifarim, 
„ giganteus. — Martin, 

,', longispinus. — Sow. 



,, punctatns. — i 

„ acabriculiis.- 

,, semiretioulatua. — Martin, . 

,, „ ««»•- pngilis, ■ 

„ ,, var. eoncinnns,' 

„ apinuloaus. — Sol«, 
Spirifera duplicicosta. — Phill; 

„ glabra. — Martin? . 

„ trigonalis. — Martin, var. 
Terebratula saccnlus, var. hastata. — Sotb'. 
StropboBrena analoga. — PMllips, 
AYioulopeoten interetitialis. — PMllips, 

„ &Tibloha,tus.^PMllips I . 

Modiola lithodomoides. — Eth. juri. 
Pinna flabelliformia. — Martin, 
Otthocelas atdcatum. — Fleming, . 
Xystrodus striatus - 



22. 
24. 

201, 24; 
21,' 24, 

22, 23, 24; 
20. 

24. 
23 
162, 23, 24. 

23, 24, 162; 

22, 24 ? 

24, 140, 162^ 
174. 

24. 
24; 140'j 

23, 24. 
140. 
24. 
24. 
24. 
174; 
162. 
24. 
140; 
174; 
174; 
162. 
23. 
174. 
24. 



Calcareous Band of Shale ia the Main or Hurlet Limestones 

Crustacea, . . Griffithides mesotuberculatus. — M'Coy, . ) 



Griffithides mesotuberculatus, 

Discina mii.da.^PMllips, . 

Productiis aculeatus. — Martin, 
„ punfetatus. — Maftin, 
„ scabriculus. — Martin, 

SpirHerina laminbsa. — M'Coy i 
■ Aviculopecten sflbaniaotus. — Sp. 



nov.K 



'. J- 159; 



Calcareous Shales resting on Main or Hurlet Limes; 



Actinozoa, . ■ Lithostrotion csespit6Bnni.—^' Coj/ ? 
„ junceum.— Fleming, 

Zaphrentis EnniskQlinl.-=.Bd. & H. 
EcUnodermata, ■ Archaioeidaria (spines, plates, &c ), 
Annelida, . Spirorbis (near S. globosua.— Jf' (7(n/), 

Sp. . ■ 
Ortonia carponaria.- 



160; 

160; 
161. 
160; 
161, 
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160. 
160. 



Class, etc. Name. Locality Number 

(irustacea, . . Griffithldes mesotuberculatus. — M'Ooy, . 146. 
Polysoa, . . . RHabdomeson, Sp. ; and Sulcoretepora. — Sp, 
BrachUpidA, . Athyris ambigua. — Sow. ; ; : . 

,, Eoysii. — Li'oeilU, .... 
Chonetes Laguessiana. — De Kon, 

,, polita. — M'Ooy, .... 
Orthis Michelini. — Liveilli, 
„ resupinata. — Martin, 
Ortbotetes crenistria. — Phillips, ; 
Productua aeuleatus. — Martin, . 
,, longispinus. — Sow. 
„ punctatiis. — Martin, . 

„ scabriculus. ^J/arfe, . 
, , semireticulatus, var . pugilis. — Phill. 

,, spiuulosus. — iSow. 
Ebyncbonellapleurodoii. — Phill. 
Spirif era duplicicosta. — Phill. 1 . 
, , ovalis. — Phill. ? . 
, Spiriferina oristata.— ;Sc/ito<A«im, 

Pelecppoda, . . Aviculopecten dissimilis. — Flem. 
„ tesselatus. — Phill. 

Pinna. — Sp. 

Ptbronites persuloatus. — M'Ooy, 
Pisces, . . . Megaliehthys (Scales), 
Petalodus (fragment). 



161 

180 

146, 

146 

161. 

160. 

160. 

160. 

160. 

146, 160 

160. 

160. 

160. 

160. 

160. 

160. 

160. 

160. 



160. 



Shale above Maid, Hurlet, or Bathgate Limestone. 



Actinotioa, , . Zaphrentis Cliffordana. — Ed. & R. 

„ Delanoni. — Ed. <fc II. 

EchinoderTnata, . Archseocidaris (spines, &c.), 

Poteriocrinus crassus. — Miller, . 
Crustacea, : ; Bairdia ampla. — Beioss, 

„ elongata. — Miinster, 
■„ gtahdis. — J.&K. : 

„ Hisingeri. — Mvmster, 
;, plebela. — Beuss, 
Kirkbya Permiana. — Jones, . 
,, ,, ,, var. 

Primitia Scotica. — Jones, 
. Athyris ambigua. — Sow. 
Diacina nitida. — Phillips, . 
Lingula squamiformis. — Phill. 
Ortbis resupinata. — Martin ? 
KbynchoneUa pleurodon. — Phill. 
Terebratula sacculus. — Mmrtin, . 
. Aviculopecten dissimilis. — Flem. . 
„ papyraceus. — Sow. f 

Conocatdium. — Sp. 
Modiola litbodomoides — Eth. jun. 
. Discites quadratus. — Fleming, 
. Xystrddus striatus. 

Shale below Hosie Limestone. 

Plamtce, . . . Lepidodendron.-.— )S';p; . 
AdiniisM, . . Zaphrentis Enniskillini.- — Ed. & H. 
Braehidpoda, . . Ortbis resupinata. — Martim, 

Productus longispinus. — Sow. 

Spirifera trigoualis. — Martin, 



20. 

20. 

146. 

23. 

20. 

20. 

20. 

23. 

23. 

20, 23. 

20. 

20. 

20, 21, 23 

20. 

146. 

20. 

20, 21 

21. 

146. 

146. 

146. 

146. 

146. 

20. 



30. 



Pisces, 



Pisces, 



Clay-Band Ironstone^ a few feet below Hdsie. 

i Megaliehthys (scales and teeth), . , .(now 
Ehizoddpsis (stales), . . . . (""" 

Bituminous Shale under Hosie Liimesione. 
. Eloniohthys (scales, &c.) 141 
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Altered Shale between Hosie Limestone and " Lake Stone " Trap Rock 



Class, etc. Name. 

Brachiopoda, . . Produotua soabriculus. — Martin ? 

Spirifera trigonalis, var. bisulcata. — Saw. 
Aviculopecten subanisotus — Sp, nov i. 
Pinna flabelliformis — Martin, 
Edmondia unioniformis. — Phillips, 
. Entolium Sowerbii. — M'Giry, 

Myalina. — ^5^ 

PleuropboruB ? — Sp. . 
tlndetermined bivalve (very common), 

Hosie Limestone. 
Ebhinodermala, . Archgeocidaris (spines, S;c. ), 
Crustacea, . . Griffithides mucronatus.— ifCfej/, 
Brachinpoda, . , Athyris ambigaa. — Sow. 

Rhynchonella pleurodon. — Phillips ? . 
PileeypodOr,. , . Aviculopecten interstitialis.— PAiJM^s, 

Nucula gibbosa. — Fleming, . 
Oastetqpodct , Bellero^on decussatus.^i^OTiM^y 

Dentaliuin ingens.^2>e ^ore. ? 

, Sh^les and Nodules above Hosie Limestone. 



Ix)cality Numbe*. 



ysi^ 



Foraminifera, fee, 
Actinozpa 



Ikhinodermata, 

.4^nnelida, 

(/rustacea,^ 

Polyzoa, . 



BjrachiapocbXi . 



Cffispi- 



jwn.). 



Trochammina incerta. — D'Ort^ . 
Palseacis cyclostoma. — Phillips, . 
Lithostrotion (L. irregnlare, or L. 

tosum ?),..,. 
Syringopora. — Sp. 
Chaetetes tuniidus. — Phillips / . 
Archasocidaris (spines, &c. ), 
Serpulites carbonarius. — MOoy, . 
Griffithides mesotuberculatus. — M'Ooy, 

,, mucronata.— Jf'Co;/, . 
FenesteUa.^ — Sp 

,, (near F. bicellulata. — Eth. 
Synocladia carbonaria. — Eth. jun. 

Discina nitida. — Phillips, . 

Lingula mytiloides. — Sow. . 

,, squamiformis. — Phillips, 
Oi'this Michelioi. — iimilU, 

„ resnpinata,. — Martin, 

Grthotetes crenistria.- 
Chonetes I^aguessiana.- 

Productus longispinus. — Sow. 

„ punctatus.-r-ilforfj«, . 

,, scabriculus.^ilfar<47i.? . 

,, semireticulatus. — Martin, 
Rhynchonella pleurodon. — Phillips, 
Spirifera, lineata. — Mai-tin ? 

„ trigonalis. — Martin, var. 

„ TJrei. — Fleming, . 

Spiriferina cristata, — Schlotheim, 
Aviculopecten dissimilis. — Fleming, 
Leptodomus costellatus. — M'Goy, 
Modiola lithodomoides. — Eth. jim. 
Nucnla brevirostris. — Phillips', . 

,, gibbosa. — Fleming, 
Nuculana attenuata. — Fleming, . 
Pinna flabelliformis. — Martin, 

Posidonomya corrugata. — Etheridge, 

SangninoHtes (near S. transversns. — Portloc), 
Solenomya priioEeva. — Phillips, . 



-Phillips, . 
-De Kon. 



141. 

141. 

194. 

185- 

185. 

185, 194. 

185- 

185. 



31, 
31. 



25. 

25. 

192. 

31, 35, 

25. 

34, 37. 

34 175. 

25, 37. 

34. 

34, 
J 36, 37, 141, 
I 193? 
( 31, 36 ?, 37, 
( 157, 175/ 

36, 141. 

35. 
[ 25, 84, 36, 37, 
I 141. . 

25, 37. 

31. 
j 25, 31, 34, 3^, 
i 36, 37. 

25. 

34. 

25 ?, 31, 84. 

34, 36, 192. 

34. 

34. 

31, 33, 35?, 
141, 175- 

25, 36. 

25, 34. 

38, 172. 

25, 37. 

31. 

31, 172, 193. 

31, 175. 

25, 35, 36. 

141, 150?, 172, 
175, 191 ? 

37 

19 
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Class, etc. 
Gasteropoda, . 


Name. 
. Bellerophon iecxtsssins.— Fleming, 

„ „ var. striatus, 
„ Oldhami. — Portloc^, 

„ TJrei. — Fleming, 


Locality Numbef. 
. 31, 36) 191. 
. 33. 
. 33. 

31, 34-, S7, 
172, 191?, 
193. 
. 31, 141, 175. 
. 36. 
. 192, 193. 
. 141. 
31, 141. 


Fleropoda, 
Cephalopoda, . 


Euomphalus earbonaxius. — SoiO. . 

Macrocheilus. — Sp. ... 
. Conularia quadrisiilcata. — Sow. . 
. Actinoceras giganteum. — Sow. ? . 

Goniatites. — Sp 



Beds of L. Limestone Group of doubtful position. — Coarse Arenaceous 
Limestone (below Main ?). 
Armelida, 



Pelecypoda, 
Gasteropoda, 

Breuihiopoda, 



Serpulites, . , , . 


152. 


Athyris ambigua. — Sow. 


152. 


Disoina nitida. — Phillips, . 


152. 


Camarophoria orumena. — Martin, 


151. 


Orthotetes crenistria. — Phillips, . 


162. 


Produotus aculeatus. — Martin, . 


151, 152 


„ costatus. — Sow. . 


151. 


„ longispinus. — Sow. 


152. 


„ semireticulatus. — Martin, . 


151, 152 


Edmondia sulcata. — Fleming, 


151. 


Pteronites. — Sp 


152. 


Bellerophon Urei. — Fleming, 


151. 



Ttia Ferruginous Band under last-named Bed. 



Fora/mimifera, 

Eehinodermata, 

Annelida, 



Camarophoria. — Sp. . . . 
Productus semireticulatus. .^-ilforiira, 
Aviculopecten omatus. — Eth. jun. 

„ subconoideus. — Eth.jwn, 

Edmondia unioniformia. — Phillips, 
Kuculana attenuata. — Fleming, . 
Sanguinolites triscostatus. — Portlock } 
Bellerophon decussatus. ~ 
,, Urei. — Fleming. 



Shale in connection with last-named Bed. 

. Sphenopteris. — 2 Sps. 

. Stacheia. — Sp. .... 

. Archseooidaris (spines, plates, &e.), 

Ortonia carbonaria. — Young, . 
. Enrypterus (fragment with ornalnehtation), 
. Chonetes polita. — M'Coy, . 

Discina nitida. ^-PAiKips, . 

Lingula squamiformis. — Phillips, 

Strophomena analoga. — Phillips, . 
. EntoMum Sowerbii. — M'Coy, 

Nucula gibbosa. — Fleming, . 

Pteronites persulcatus. — M'Coy, . 



1-153. 
J 

[l53. 

164. 
151. 
154. 

151. 



MIDDLE LIMESTONE GEOUP, OR EDGE-COAL SERIES. 

(L, Coal Measures of some writers.) 

Shale ahove the " Brown Stone " portion of the Bo'ness Lower Ironstone. 
t'eleeypoda, . . Ahthracbptera tumida. — Sp. nOo. . . 2, 3. 



Plantce, 



Sandstone in Bo'ness Maiii Coal, 
Lepidodendron. — Sp, . . . , 



as. 
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Glass, etc. 
Fiantce, . 
Annelida, 



Pisces, 



Bo'ness Upper Ironstone. 

N»me. Locality Number. 

JnepidostrolDUs (long, tHn form), ... 5. 
Spirorbis. — Sp. . . . . . .4. 

Anthracomya (crushed examples), . . 5. 

Ccelacantlius lepturus. — Ag. (scales), . 4. 

Eurynotus; — Sp. (scales), .... 4. 

MegaJiclithys (scales, and other remains), . 6. 
Ehizodopsis, ,, ,, . .6. 



^rcuif^iopoda, 



Eoof of Splint Coal. 

Discina nitida. — Phillips i 
Lingula mytiloides. — Sowl . 

,, squamiformis. — Phillips, 
Eurynotus. — Sp. (scales, &c.), 
Fissodus Pattoni. — Mh. jun. 
Megalichthys. — Sp. (scales, remains, 
Poecilodus. — Sp. (single teeth), 
llhizodopsis (scales and remains), 
Rhizudus. — Sp. (scales), 



&c.), 



5. 
5, 6. 

5, e; 

5, 6. 
6. 

5, 6. 

5, 6. 

5, 6. 
6. 



Shale, roof of Smithy Coal. 

Echiiwdermafa, . Archseocidaris ? (teeth), 
Srachiopoda, . . Lingula squamiformis.- 

Productus (dorsal valves), 
I'elecypoda, . . Aviculoppcten (near A. planioostatus. — M'Ooy) 

Leptodomus costellatus. — M'Ooy, 

Myaliua. — (small m. iSy .?) . 

Nucula. — N. ^_p.2(nearN. laevirostrum. — 
Portlodc), . 

Pteronites. — Sp. . 

Schizodus. — {Sp. near S. centralis. — M'Coy). 

Solenopsis. — {Sp. near S. imnor.^-M'Coy), . 
Gasteropoda, . . Bellerophon Urei. — Fleming, 

Murchisionia striatula. — De Ebninxk? 
Pisces. . . . Hybodus? (spine). 

Strepsodus sauroides (teeth), 



UPPER LIMESTONE GROUP. 



prachiop'oda, 



Pisces, 



Index, Cowglen, or Eough Limestone. 

. Athyris ambigua. — Sow. 

Productus latissimiis. — Sow. . 
„ giganteus. — Martin, 

Edmondia sulcata. — Fleming, 
. Xystrodus striatus. — .igassiz, 



ler. 



Onistacea, 

firacMopoda, 

Pelecypoda, 

Gasteropoda, 
Oephalopodft, 



Shale over the Index or Cowglen Limestone. 



Griffithides mesotuberculatus. — M'Coy, 


. 167. 


Lingula squamiformis. — Phillt . 


. 133, 167 


Nuculana intermedia. — Mh. Jan. 


. 167. 


Posidonomya corrugata. — Etheridge, 


. 133. 


Bellerophon Urei. — Fleming, , 


167. 


Goniatites. — Sp 


133. 


Orthoceras sulcatum. — Fleming, . 


. 167. 



Srachiopoda, 
Pelecypoda, 

Gasteropoda, 



Shale under the Gair or Arden Limestone. 

. Athyris ambigua. — Sow. .... 
. Nucula gibbosa. — Fleming, .... 
Sanguiiolites ? striatolamellosus. — De Kon., . 
, Pleurotomaria. — Sp , j 



16. 



n 



Dark Calcareous Band under the Gair or Arden Limestone, 



Pisces, 



Class, etc. 



Name. 
Tristychius-minor (spine), 



Locality Nimibei'. 
. 149. 



/era, 
Brachiopoda, 



Gai,ir, Bobroystgn, Arden, Caliijy, or Dylfeneufc Limestonei. 

. 45. 



Valvulina palseotrochus. — Ehrenherg, 
Productus longiapinus. — Sow. ? 

„ punctatus. — Martin, . 

,, semireticulatus. — Martin, 



: \ 



181. 



Shale over the Gair, Dykeneuk, Bedlay, or Eobroyston Liniestone, 



PlamUe, . 
Poraritmifera, &e.. 



flchinoderniata, 
Annelida, , 

Pritstofea, 



Brachiepoda, 



Calamites. — Sp 

Endothyra ammonoides. — Brady, 

„ - Bowmani. — Phillips, 

„ globolus. — Eichwald, 

„ radiata. — Brady, 

Trochammina incerta. — D'Ori. 
Valvulina palseotrochus. — Ehrenb. 

„ decurrens. — Brady, 
Palseocoryne. — ^p. .... 
IJydreionocrinus ? globularis. — De Kon. i 
4-rcli»ocidaris (spines, &c.), 

Ortonia carbonsCria. — Young, 

fSerpulites. — Sp- . . . . 

Spirorbia caperatus. — M'Coy, 

„ -Sp, . . . . 

Bairdia curta. — M'Goy, - . 
Cythere fabulina. — J. & K. 
GrifSthides mesotuberculatus. — M'Coy, 

„ rmicvona,tai.^M'Ooy, . 
Kirkbya Perraiana. — Jones, . 
Leperditia Okeni. — Miinster, 

„ suborbicularis. — Miinster, . 
Piastoppra megastoma, — M'Coy, . 
Fenestella bicellulata.— ^<A. jun. } 
Glauconome. — Sp. 
Goniocladia cellulifera. — E(h. jun. 
Ehombopora ? interporosa. — Phill. 
Synocladia carbpnaria. — Etli. juji. 
Thamniscus pustulata. — Eth. jun. 

Athyiis ambigua. — Sow. 

Chonetes Buohiana. — De Koninci ? 

,, Laguessi^na — Z>e^onincJc? . 

Discina nitida. — Phillips, . 
Lingula mytiloides. — Sow. . 
Ortnis Miohelini.— i^ciK^ ? 

,, resupinata. — Martin, 

Orthotetes crenistria. — Phillips, . 

Productus latissimus. — Smo. 
„ longispinus. — Sow^^ 
„ giganteus.-^ Martin, var. 
,, semireticulatus.— ^arW«, 

3pirifera lineata. — Mairtini . 

„ trigonalis, car bisulcata. — Sow. 

„ Urei. — ■Fleming? . 
Spiriferina cristata. — Schlotheim, 
Strophomena analogn, var. distorta, 



16 

45. 

45. 

45, 

45, 

45. 

45. 

7. 

128, 129, 130, 

128. 

7, 9, 45. 

128, 129, 130, 
183a. 

17. 

129. 

181. 

45. 

7. 

45, 181. 

9. 

45. 

45. 

46. 

9, 45, 129. 

9. 

129, 130. 

128, 129, 130, 
9. 

9. 

129, 130. 

7, 4, 18, 

129,130,183a. 

125. 

45, 128, 129, 

130, 177, 181, 
183a. 

7, 9, 45, 165, 

7, 45. 

183a. 

7, 16,45, 128, 

129, 130. 

9, 15, 16, 1?, 

45, 180, 183. 

45, 183. 

9. 

9. 

7! 128, 166, 

9. 

7i 45, 128, 

181. 

128. 

7, 17, 

129. 

i5. 



128, 
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Class, etc. 
Pelecypoda, 



Pteropoda, 
Oephalepoda, 



Pisces, 



Crustcccea, 
Brachiopoda, 



Pelecypoda, 
Gasteropoda, . 
Cephalopoda, . 

Shale on a 6 
foraminifera, 

Schiaodermata, 
Crustacea, 
JBrachiopoda, . 



Name. 

Aviculopeoten ornatus. — Eth. jun. 
Cardiomorplia oblonga. — Sow. ? 
Cypricardia ? paralleia. — Phillips i 
Modiola lithodomoides. — Eth. jun. 
Myalina (small. — Sp.), 

Nucula gibbosa. — Fleming, . 

ITuoulana attemiata. ^eviing, 

Pteronites angustatus. — M'-Ooy i 
BeUerophon deciissatus. — Fleming, 

„ Urei. — Fleming, 

„ hiulcus, — Martin t . 

LoxQiiema scalaroidea. — Phillips i 
Naticopais lixatus. — Phillips, 
Pleurotomaria atomarla. — Phillips'! 

„ contraria. — De Kon. 
Conularia quadrisulcata. — Sow. . 
Cyrtoceras unguis. — Phill. . 

Goniatites, — Sp 

Nautilus nodosus. — Armstrong, . 
Ortboceras sulcatum. — ilemiiig, . 
Rbizodopsis (scales), 



Shale in connection with Bedlay J^ipiestone. 



Locality Nupaber, 

15. 

45; 

7. 

9. 



108. 



Griffithides mesotubercnlatus. — M'Coy, 
Ohonetes Laguessiana. — De Kon. 
Discina nitida. — Phillips, 
Lingula mytiloides. — Phillips, 
Ortnis resupinata. — Martin, . 
Orthotetes crenistria. — Phillips, 
Productus semireticulatus var. pugilis, 
Spirifera trigonalis. — Ma/rtin, 
Nuculana attenuata. — Fleming, . 
Belleropbrou Urei. — Fleming, 
Discites quadratus. — Fleming, 
Nautilus nodosus. — Armstrong, . 

in. Coal between Gair and Castlecary Limestones. 
Endothyra globolus. — Eichwaldi . 

,, Tadiata. — P 
Ai'chseocidaris (spines, plates, &c.) 
Griffitbides (pygidium), 
Orthis Michelini. — LiveilU, 
Oitbotetes crenistria.- 
Productus latissimus. — Sow. 

„ longispinus. — Sow. 
Spirifera trigonafis. — Ma/rtin, var. 
Sohizodus. — Sp. . 



7, 45, 128, 

129, 181. 

7, 16, 4,% 12J8, 

165. 

9. 

123, 128, 130. 

7, 9, 16, 123, 

128, 129, 130. 

7. 130, 

130, 183, 
129. 

7, 128, 129. 
7. 

129. 
128. 
-7. 
128. 
45. 
19. 



Pelecypoda, . . Sohizodus. — Sp J 

Thin Limestone between Gair and Castlecary Limestones, 
Braehiopoda, . . Lingula squamiformis. 



Forammifera, . 
Crustacea, 



-Phill. . 
Orthotetes crenistria. — Phillips, . 
Productus semireticulatus. — Martin? . 
Posidonomya. — Sp 

Shale above foregoing Limestone. 
Endothrra Hovnaxai.'— Phillips, 
Bairdia curta. — M'Coy? 

„ grandis. — J. & K. . 

„ rigida. — Jones, 
Beyrichia bituberculata. — M'Coy, 
Cythere cuneola. — J. & K. . 

,, striolata, 
Kirkbya anuectens. — J. & K. 
Permiana. — Jones, . 
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Class, etc. , Name. Locality Number, 

Crustacea, . . Leperditia suborblcularis. — Miinster, 
J^rachiopoda, . . Chonetes Buchiana — Z)e ^(»i. (young of ? ) 
Piscina nitida. — Phillips, 
Orthis resupinata. — Martin, 
Orthotetes crenistria. — Phillips, . 
Productus giganteus.' — Martin, var. 
,, latissimus. — Sow. 

„ longispinus — Sow. 

„ semireticulatus. — Martin. 

Spirifera lineata. — Martin, . 

Peleeypoda, . . Nuculana atteuuata Fleming, . 

Gasteropoda, . . BeUerophou decussatua. — Fleming, 
„ Urei. — Fleming, 
Euomphalus ca,rbonarius. — Sow. . 

Sandatqne under Bowdenliil], Castleoary, or Levenseat Limestone, 
Planted, . . . Stigmaria, . . . . . . .18. 

Castlecary, Levenseat, or Bowdenhill Limestone. 

foraminifera, . Lituola Bennieana. — Brady, 

Valvulina palseotrocbus. — Ehrenb. 
Awnelida, , , Serpulites. — Sp. 
Ofustacea, . . Bairdia ampla. — Beuss, 

,, i\oTxg3,%Si.~—Miinster, 
„ plebeia. — Reuss, 
Cythere fabulina, J^ & K. . 

, , intermedia ? 
Griffithides.— ;S^. 
Leperditia Okeni. — Mllnster, 
„ suborbicularis, 
Sro^hiopoda, . . Atbyris ambigua. — Sow. 
Discina nitida. — Phillips, 
Chonetes Laguessiana. — DeKon.'l 
Orthis resupinata. — Martin, 
,, MicEelini. — LiveilU, 
Orthgtetes crenistria. — Phillips, 
Productus longispinus. — Sow. 
„ punctatus. — Martin, . 
„ scabriculus. — Martin, . 
,, semireticulatus. — Martin, 
„ ,, var. Martini, 

Rhynchonella pugnus. — Martin, . 
Spirifera lineata. — Martin, . 
„ trigonalis. — ,, 
Peleeypoda, , . Aviculopecten interstitialis. — Phillips ] 
Cephalopoda, . . Nautilus ingens. — Martin, , 

,, nodiferus. — Armstrong, . 
Pisces, . . . Tomodus convexus Ag. 

Oil Stale over Levenseat Limestone. 
. Megalichthys (scales) 



42. 

42, 43, 
120. 
43. 
42. 
42, 43, 

I 42. 

196. 

42. 

42 

109a. 

120. 

176, 

120. 

43. 

109, 109a, 

120. 

109a, 120. 

109a. 

109,109a,120, 

178. 

120. 

109a,176,178? 

109, 109a, 120. 

109a. 

43. 

109a. 

43. 



Pisces, 



29> 



Actinozoa, 
Annelida, 
Crustacea, 

Mrackiepoda. 



Shales over Levenseat, Castlecary, or Craigenbuck Limestone, 

. Chsetetes. — Sp. . 
. Spirorbis. — iS^. . 
. Beyrichia arcuata, — Bean, 

Phillipsia. — Sp. , 
. Athyris ambigua. — Sow. 
Discina nitida. — Phillips, 
Lingula mytiloides. — Sow. 
Orthis Michelini. — LiveilU, 

„ resupinata. — Martin? 
Orthotetes crenistria. — Phillips, 
Productus cora. — LfOrhigivy, i 
,, semireticulatus. — Martin, 
„ Youngianus, — Dav. 1 . 



29. 

29. 

43. 

29. 

198. 

198. 

198, 199, 

29. 

13. 

13, 199. 

176. 

29, 198. 

176. 
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Class, etc. 


Name. 


Locality Numbpr. 


Brachiopoda, . . 


Spirifera trigonalis, var. bisulcata ? 


. 176. 




St;rop]iomena analoga. — Phill., . 


• 29. 


Pelecypoda, . 


Nuculana attenuata.— J'foOTiT^jr, . 


198. 




Posidonomya. — Sp 


176: 




Schizp^us. — Sp., 


198, 199. 


Gaster-qpfda, , 


Bellerqphron decussatus — Fleming, 


198. 




„ Urei. — Fleming, , 


198. 




Dentalium ingens. — I)e Konincjc ? 


198: 


Pisces, . . . 


Eurynotus erenatus. — Agass. (scales), . 


43. 




Megalichtliys (scales), .... 


10. 




Rhizodopsis (scales, &c.), 


10, 11, 




Limp^tones of doubtful position. 




Brachiopoda, . 


Orthotetes crenistria. — Phillips, . 


156. 




Productus semireticulatus. — Martin, . 


156: 




„ Youngianus. — Dar. ? . 


147. 




Spirifera trigonalis. — Martin, . 


147. 


Pelecypoda^ . 


Eatolium Sowerbii. — M'Cay, 


158. 


Gasteropoda, 


Bellerophon Urei. — Fleming, 


156. 


Cephalopoda, '. 


Actinoceras giganteum. — Sow. 


156. 


Shales of 


Upper Tiimestone Group of doubtful position. 


Brachiopoda. . 


Productus longispinus. — Sow. 


156. 




„ semireticulatus. — Martin, . 


179; 




Spirifera Urei. — Fleming, . 


179. 




Tereljratula saoculus. — Martin, var. 
Leptodomus costeUatus. — M'Goy, 


156. 


Pelecypoda, 


156. 




Nucula gibbosa. — Flerriing, . 


156, 176. 




Nuculana attenuata, ,, . . 


179. 




Posidonomya corrugata. — Eih. ? . 


166: 


Gasteropoda, 


l^ellerophon Urei. — Fleming, 


179. 


Pteropoda, 


Cpnularisi, quadrisulcata. — Sow. 


156'. 


Cephalopoda, . 


Qrthoceras sulcatum. ^.FfeOTi?25', . 


15i 



Millstone Grit. 

Impure Limestone and Stale under the Curly Ironstone. 



Bracl^iopp^a, . 
Pelecypoda, 



Brachiopoda, . 
Pelecypoda, . 



Serpulites carbonarius. — M'Coy, 
Discina nitida. — PhilKps, 
Qrthis. — Sp. 

Ortbotetes crenistria. — Phillips, 
Scbizodiis. — Sp. ... 
BpUerophon decussatus. — Fleming, 
Natica variata. — Phillips f . 



Shale over a Cement Stone ia Fireclay. 

. Lingula mytjloides. — Sow. . 

Ortbotetes crenistria. — Phillips, . 
. N^eulana attenuata. — Fleming, . 

Scbizodus (iSp. near S. orbicularis. r—#'Cpj/),. 



4fi 



110. 



PlantoB, . 

Brachiopoda, . 
Annelida, 



Coal Measures, 

Maggie Shale, on Benhar Slatyband Ironstone. 

. Alethopteris lonchitica. — Schk, var. . . 55. 

Lepidodendron (fragments), • . 55, §6, 

Lepidostrobus (single cones), . . 55. 

Lepidophyllum, ...... 55. 

Asterophjrllites ^—Sp 55. 

Discing nitida. — Phillips, . . . .55, 56. 

Lingula mytiloides. — Sow 55, 

Serpulites carbonaiius. — M'Coy, . . 63, 55, 56, 

Eurypterus.— /Sp. (fragments), . . . 65. 
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Class, etc. 
Oasteropoda, 

Pteropoda, 



Name. 
Bellerophon dicussatus. — Flem. 

,, TJrei. — Flem. . 

Confllaria quadrisulcata. — Sow. 
Amphicentruin (plates, ^c), 
CcBlaoantlius lepturas. — Ag. (plates, ho,.), 
Elonichthya Egertoni. — Agassiz, 

„ (1. jaw, &c.), . 

^esolepis (scales), 
Megalichthys (scales), , 
Ehadinichtliys Monensis. — Agassiz, 
Phizodopsis (opercular, &c.), 



Locality Number, 
55. 
56. 

53, 55. 
68. 

56, 56. 
55. 

53, 55. 
55, 
55. 
56. 
55, 56. 



Blackband Ironstone telow Boghead Parrot Coal. — (Torbane-hill Mineral). 



Annelida, 
Pelecypoda, 



Plantce, . 
Annelida, 



Serpula Tortanensis. -^Sp. nov. 
Anthracoptera ? (small sp. ), . 



49, SO. 
49, 50. 



Boghead Parrot Coal. — (TorbaneThill Mineral). 

Stigmaria, 49, 50, 

Blackband Ironstone above Boghead Parrot Coal. 

. Serpula Tortanensis. — Sp. nov. . . .47. 
Anthracoptera ? (small Sp.), . . . . 47. 



Shale in connpction with Auchingane Coal.— (Slamannan District), 



Crustacea, 
Pisces, 



Annelida, 

Peleeyp 

Pisces, 



a. 



Pelecypoda, 



Beyriphia arcuata. — Bean. . 
Megalichthys (scales, tpeth), 

Shotts Upper Cannel or Gas Coal. 

Spirorbis carbonarius. — Murch. ? . 
Anthracoptera ? — Sp. .... 
Megalichthys (scales), . 
Ehizodopsis (scales), .... 
Strepsodus (scales), ... 



217. 
217. 



■ 1 



Thin band of Ironstone in Shotts Gas Coal. 

. An thracosia acuta. — Sow.? . 

New Myalinifonn Shell ? . . . 



48, 
48, 66, 

66. 



Shale above Wee or Lower Drumgray CoaL 
. Anthracosia robusta. — Sow 79. 



Arenaceous Shales in connection with Coxroad Coal. — (Lower Dfumgray 

Coal.) 



Planim, 



Plantoe, 



Antholites Pitcairniae. — L. & H.,. 
Cordaites (leaves), . . . 
Neujopteris heterophylla. — Brong. ? 
Sphenopte'ris (near S'. latifolia. — Brong.), 



223. 



piantcB, 



Cleugh Glen Alum Shale, near horizon of Coxroad Coal. 

, . Aletiopteris lonohitica. — Schl.,vsLT. 
Antholites Pitcairniae. — Z, 4: A. . 
Calamites (stems), 

Oordaites (leaves), [-210. 

Oyclopteris (pinnulse), . . 

Neuropteris. — Sp., 

Sphenopteris (near S. acutifolia. — Brong.) 

Shale under Coxroad or Upper Drumgray Coal. 

, Splienopterjs(nearS. latifolja.— Srows'.), . 227. 
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Class, etc. 
Flantce, . 
Annelida, 
feleoypoda, 

Pisces, 



Shotts Furnace, Upper Drumgray, or Ball Goal. 



PlantoR, 



Plantce, . 
Crustacea, 



PlarUcc, 
Pe, 



— Young, 
(scales), 



Plantce, 



Annelida, 
Crustacea, 

Pelecypoda, 
Pisces, . 



Name. 
Stigmaria, . 
iSpirorbis, . 
Authracoptera. — Sp. . 
Anthracosia robusta. — Smv, 
Amphlcentrum granulosum, 
Coelacantlius lepturus. — Ag. 
Megalichthys (teeth, &c.), 
Ehizodopsis (scales, &e.), 
Strepsodus (teeth, &c.), 



Sli?iles overlying Upper Drumgray Coal. 

. Asterophyllites (near A. sequisetiformis or A. 1 

foliosa), \ 

Calamites. — Sp.; Gyclopteris. — /Sp./ and Neu- 

ropteris. — Sp 

Lepidostrohus, 

Sporangia, ... . . 

. Spirorbis. — Sp 

, Beyrichia arcuata. — Serni. . 

Leperditia (obscure Sp.), 
. Anthracosia robusta. — Sow. . 
, Coelacauthus lepturus. — Agass. . 
„ (remains of), . 

Megalichthys coccolepsis. — Yoimg, 

„ Hibberti. — Agassiz, 



Locality Number. 
47, 



>52. 



„ pygmseus. — Traquair {MS.), 

Pleuracanthus Isevissimus. — Agass. 
Pleurodus aiiinis. — Agass. . ... 
„ Eankini. — Agass. 

Speckled Ironstone or Ball Coal 
Stigmaria and Lepidodendron, 



1 



213 






54, 


57, 


65. 


58. 






54, 


67. 




54, 


57, 


65, 


57. 






57. 






65. 






57. 






57. 






54, 


57, 58, 59, 


65. 






57. 






57. 






57, 


59, 


65. 


57, 


58, 





47. 



Musselband Ironstone near Upper Drumgray Coal. 



Calamites and Lepidodendron, 
Beyrichia arcuata. — Bean, . 
Cythere fabulina. — Jones, . 

Shale over Kiltongue Coal. 

Cordaites (leaves), 
Neuropteris and Sphenopteris, 
Anthracoptera. — Sp. . 



57, 



97, 



Calcareous Sandstone, 6 ft. above Calderbank Ironstone ? 

. Anthracosia robusta. — Sowerby (peculiar | ,Qg 
variety), 

Shale forming Pavement of Virtuewell Coal 

PUmUe, . . ■ Alethopteris lonchitica. — ScM. .' 

Neuropteris Loshii. — Srong. ? . . . 
Pecopteris (near P. laciniata, X. <fcB'.), . }-lll, 
Sphenopteris (near S. dilatata or S. adiantoides), 
. Serpulites.— )S^ J 

Shales and Bituminous Bands over the Virtuewell Coal 



Annelida, 



Plamtce, 



Alethopteris lonchitica. — Schh 
AsterophyUites. — Sp. . 
Calamites. — Sp. . 
Lepidodendron. -=^% • 



71, 120a. 
71, 120o, 124. 
73. 
120a. 



( I 



Class, etc. 
Annelida, 
Orustadea, v 



Pisees, i 



^iilia. 



Cfiistacea; 



Name. 
Spirorbis carbonarius. — ^Murdmon, 

Carboniai — Sp 

Cythere fabulina. — Jones, . 
Leperditia (small Sp. ), 
Anthracoptera. — Sf. . 
Anthracosia robusta. — Sow: ? -, 
Amphicentrum granulosum-. -^ Yoimg, 
Cbomatodus (teeth), . i 
Coelacanthus leptunisi — Agass. . 
,, (scales, &c. ), . . 

Ctenodus (scales), . . ; 
Ctenoptychius lateralis. — Barka-s, 

Megalichthys Hibberti. — Ag. (teeth, &c.), 

,, pygmseus. — Traquair {MS.), 

Orthacanthus cylindricus. — Agass. 
Platysomus (scales), 
Pleurodus affinis. — Agass. . 
Pleuracanthus glbbosus. — Agass. . 
„ (spine), 

Ebizodopsis (scales), . 

Strepsodus (scales, teeth, &c.), 
Loxomma tooth (?), 

Airdrie Blackband ItonstoilB. 

Anthrapalsemon (part of carapace), 
Leperditia (small and obscure), i 
Megalichthys (scales, &c.), . 



Locality Number. 
70. 
73. 
78. 

73, 78; 
73. 
73. 
62. 

62, 68. 
71. 

64, 72, 73, 80i 
64; 
64. 

62, 64, 68, 75, 
80-. 
72. 
73. 
73; 
72; 

72. 

62, 73; 

62, 64, 68, 73, 

73. 

62, 73; 

87. 



87; 
100. 
87, 100: 



Annelida^ 
Pisces, 



Annelida, 
Pelecypoda, 



Pelecypoda, 
Pldwtce, . 



Coaly Band over Airdrie Blackband Ironstone; 

. Spirorbis carbonarius. — Murch.'i . 
; . MegaUchthys (scales, &c.), .... 



Shales over Airdrie Blackband Ironstone. 



Spirorbis carbonarius. - 
Anthracoptera. — Sp. 



-Murch. 



Stales over Virgin Coal. 

Asterophyllites. —Sp. Calamites. — Sp. 
Lepidodendron. — Sp. Pecopteris. — Sp. 
Anthracoptera. — Sp. .... 

Stales under Splint Coal. 

Alethopteris lonchitica. —iScA?. 
Asterophyllites.— ;Sp. Calamites.— 5;p. 
Neuropteris (near N. flexuosa, Sternb., or N. 

gigantea, Sternb. . ; . . , 
Neuropteris (near N. gigantea, Sternb., orN, 

heterophylla, Brong 

Neuropteris (uearlST. Loshii, Sr., Or N. hetc' 

rophy]la,'5TO»ig' 

Ifeuropteris (small S^).), 

Spheiiopteris (near S. latifolia, Brong.), 

Sporangia, 



Plantcb, . 



Splint Coal. 



:i 



Sporangia, . 



100; 



12d; 



229, 
107. 

^229; 
il06. 

107; 

106. 
207i 
229, 



228; 



PlantcBi 



Eoof of Splint Coal. 

Asterophyllites (near A. foliosa.— i. <4 ff.), 
,, (near A. tuberculata, — Sternb. 



102; 

102; 



: . blasa, etij. 


Name. ideality Number; 


Pclecypoda; 


. Authraoosia robusta. — Sow: ? ; ' 


102. 


Pisces, 


J Gyracanthus tubefciilatus. — Agass. 
Shalesj &c., on Splint Coal; 


114, 118; 


PlantcBi . 


.■ Alethopteris lonchitica. — ScM. . . ; 
Antholitea Pitcaimse. — L. S ff. ? 


83, 207; 




207. 




Calamites, — Sp. ...:.. 


201, 228; 




Lepidodendron (L. Stembergii, Brong. , or L. 


207, 228. 




aciileatum, Stemi.) .... 




Neuropteris (N. Losbii, Brong., or N. hete- 


191 




rophylla, Brong.) . . . : 


1^1. 




„ (N. flfexuosaj Sternb., dv N; 


207; 




giga,ntek, Siemb.? ) 




Sporangia, ... 


228. 


iiirnstticea, 


; BeyricEa arcuata. — Bean. 


201. 


i Anthraeoptera.— iSp 


213, 224; 




Anthrafcosia rfibusta. — Sow. . 


201, 219; 


Pisces, . 


.■ Acanthodes "Wardi. — Ag'assiii. 


230; 




Acanthodopsis (part of jaw), 


207. 




Amphicentrum grannlosuni. — Ydung, . 


207. 




Coelacanthus lepturus. — Agass. (Scales, &o:), 


204, 307, 21^; 

228; 




Ctenodus (scdfes),- 


204, 207, 228. 




Gyracanthus tuberculatus. — Agass. 


83. 




Helodus. — Sp 


230. 




Megalichtbys (scales, &o.), . 


83, 204, 2Ci7, 
219. 




tleliracautlius gibbosus. — Agass. : 
(spine), . . 
Pleurodus affinis. — Agass 


204, 207, 219. 




2"24; , , 
207, 2i9i ^30. 




Platysomus (scales), ... 


219. 




Ebadinicbtliys Monensis. — Agass. 


219. 




„ Wardi. — Egerton, 


207. 




fehizodopsis sauroides (scales, plates, &c.), . 


83, 84, 207, 
219,224,230. 




Strepsodus (scales, &c.), .... 


207, 219. 




Musselband over Splint CoaL 




Plwidm, 4 


; Lepidodendron. — Sp 


2li; 


Grvda)cea, 


Beyriohia arcuata. — Bean, . 


214; 


. Anthracdsia acuta. — /Soto. . ; . . 


213; 


Piides, . : 


; CSlaettnthus lepturus. — Agass. . 


214. 




Megalichthys. — Sp. . . . . . 


214; 



PlantcBi . 



Shale over Humph Coal. 

Alethopteris lonchitica.— &AZ. . 
Lepidodendron. — Sp. . . '■ 



69; 



Eoof of Main Coal, and Shale over; 

Plantce, . . . Asterophyllites ? (new form); 

CalSmites, ; 

Neuropteris (near N. Loshii. — Brong.) 

„ (near N. flexuosa, Stemi., or N. 

heterophylla.— 5r<mflr.) . 
^tembergia, ..... 

Stigmaria, 

PeUeypoda, . : Anthracomya.— 5"?. (? n. Sp. near A. curta, 
— Brown), 



112; 
118: 
112. 

112; 

118. 
118. 

1114; 



PlantcB, . 



Shale over the Ell Cbal. 

Alethopteris lonchitica. — Schl 
Cyclopteri3(?).— /S^). . 
Pecopterisi — Sp. . 



ni. 

112; 
112: 



79 



Class, etc. 
Plantte; . 

Arinelida, 



Plantce, : 
Crustacea,, 



Flantce, . 
Crustacea, 
Pelecypoda, 
Pisces, ; 



Name. 
Sphenopteris (near S. dilatata. — L. <Sc H. ) 
Trigonocarpuin (?);... 
Spirorbis carbonarius. — Murch. . 

Palacecraig Ironstone; 

Catamites. -^2 Sp 

Lepidodendron. — Sp. . 

Lepidostrobus. — Sp. 

Leperditia Scotoburdigalensis. — Hib.? . 



Locality Number; 
. 112, 119; 

112; 
. Il2; 



•104. 



Prestwichia. — iS^ 


1(53; 


Anthracoptera. — Sp 


104. 


Ctenodus (scales), .... 


104. 


Megalichthys Hibberti, Agass. (ja-*, &c.),- 


103j 104 


,; (scales, &c.) . 


103: 


Pleuraoanthus gibbosus. — Agass. 


104. 


Stale over Palacecraig Ironstone. 




Lepidodendron and Lepidostrobus, 


103. 


Estberia tenella.— ^Jbr<to«, . 


102. 


Anthracosia (crushed examples), . 


103; 


Acanthodes Wardi. — Agass. 


103. 


Coelacanthus (scales), . 


102. 


Eloniohthys Egertoni. — Agass. . 


103. 


B.el6iua.—Sp. (single teeth), 


102. 


Megalichthys Hibberti. — Agass. 


10^, 103 


Pleuracanthus gibbosus. — Agass. . 


103; 


Khadinichthys. — Sp. , 


loi 


KMzodopsis sauroides (scales), 


103. 


Strepsodus sauroides (scales), 


102. 



Annelida, 
Crustacea, 

■ J^rackiopoda, 



Sps. 



Anthrapalaemon. — Sp. (portion of carapace), 
Beyrichia arciiata. — Bean, , 

Cy there fabulina. — Jones? . 
Estheria tenella. — Jordan, . 
Lingrila squamitonnis.— Phillips, 
Anthracomya; — ?i, Sp. I 
Anthracoptera (near A. caiinta.— ;yoj«.), 
,, (near A. quadrata. — Sow.), 



Auttracosia acuta. — Sow. 
,, robusta. — Sow. 



Bhaies, Oil Shales; Ironstones, and other Beds of doubtful 
(Coal Measures). 
IPlantce, . . . Alethopteris lohchitica. — ScAl. 

Antholites. — Sp., 

AsterophyUites. — Sp: ... 

Calamites. — Sps. .... 

Lepidodendron. — Sps 

Lepidophyllum intermedium. — L. & ff. 

Neuropteris; — Sp 

„ (near Loshii, Br., or N. hetero- 

piyUa), . . . ■ . 
Sphenbptens (near S. elegans. — Brong.) 
„ (near S. latifolia), . 

„ „ . Sp 

Sporangia, ...... 

. Spirorbis oarbonarius. — Murch. . 



poSitioil 

61, 90, 116, 

189. 

85. 

77, 117. 

82, 116, 117, 

189, 2i6. 

77, 184, 100. 

61, 205. 

216. 

82, 115. 

115. 

90. 

46. 

85, 218. 

117. 

60, 82, 190 

225. 

221. 

79, 184, 188, 

190. 

188, 225. 

85, 94. 

181. 

225. 

115. 

117. 

77, 79, 96. 

74?, 76?, 79?, 

115?. 

60, 74, 184?, 

190?. 

98, 101; l91- 



80 



Class, "etc. Name. 

Pisces, . . i Coelac^nthus (scales), . 

ElonicHthys Egertoni. — Agassiz, 
Gyracanthus tiiberculatus. — Agassiz, 
Helodus ? (single teeth), 

MegalicMhys (scales, teeth, &c.), 

tlatysomus (scales), 
Pleurodus afiinis.- 
EhiiOdopsis (scales, &c.), 

Stepsodus sauroides (scales, ijc,) 



Looility Number. 
. 84. 
. 208. 
i 96. 
. 73. 

74, 77, 84, 
99, 184, 188, 
206, 22L 
184; 

75, 205. 
84, 206, 
116, 184, 189, 
20& 



Marine Ironstone and Shale near bdse of Coal Measures. 

Plants, . . . Lepidophylluin .67. 

Brachiopoda, . . Lingula mytiloides. — Sow. . . . 67?s 215. 

215. 
215. 
. 67. 
• 67,215. 
Gasteropoda; . . Loxouema or Murchlsonla. — Sp. . . .63, Sfi 
Pteropoda, . . Conularia (fragment) 215. 



Lepidophyllmn, . 
Lingula mytiloides. — Sow. 

,, squamiformis. — Phill.? 
Productus longispinus. — Sow. 
Modiola ?— i(p. . . : 
Schizodus ? (small obscure sp. ), 
Loxonema or Murchisonia. — Sp. 
Conularia (fragment), . 



Pelecypoda, 



Post Tertiary— Marine Series. 

Carse Clays. 



■a^ 



. Cardium edule. — Idnn^ (youilg of), 
Corbula gibba. — Olivi. 
Scrobicularia piperata, iellon. 
Tellina Balthica. — Linn. 
. Littdrina litorea. — Linn. 
,, obtusata ,, 
j, hidis.— 'ifeiom. Tar. ? 
, (i\r.B.— We are indebted to Professor T. Enpert Jones, F.R.S., Mr H. B. Brady, 
F,R.S., and Dr R. H. Traijuair, F.G.S., for assistance in determining species in their 
i'espeotive departments. ) 



202, 203. 
202. 

202, 203. 
202, 203. 
202, 203. 
203. 
202. 



Ill— NOTES ON SOME OF THE SPECIES. 

CLASS ANNELIDA. 

Genus Serpula. 

SCrpula Torbanensis. — Sp. nov. 

Sp. c^ar. ---Tube eldngate; either folded upon itself into a more or less oval loosely 
Arranged coil, or many times convoluted and twisted in an irregular manner, bilt 
ilways vrith a tendency to assume the former condition; coils sometimes piling towards 
the centre ; section probably circular, or the tubes may have been a little angular — • 
Surface longitudinally wrinkled — size of the coils from IJ to 3 lines in diameter. 

OJs.^s-I cannot refer this form to any of the Carboniferous Annelids with which I 
am acquainted. Although exceedingly conspicuous, little can be said in the way of 
description from the coiled and sometimes contorted manner in which its remains 
are preserved and converted into carbonate of iron.. This has to a certain extent 
altered the surface markings of the tubes ; but it has, on the other hand, rendered 
its presence in the black ironstone so very conspicuous, that it becomes necessary 
to, at least, designate the species by a name, more especially as, with the excep- 
tion of a small Anthracoptraform shell, occasionally seeuj the Serpula is the pre- 
vailing fassil in the ironstone. S. Terhanensis occurs in the latter in thousands, 
at times scattered generally through the matrix, but at others grouped into small 
clusters of an inch or two in extent. It recalls to us certain of those forms met 
with in younger rocks, rather than those we are accustomed to meet with in Car- 
boniferous strata. Of the latter it approaches nearest to Serpula (Spirorbis) helic- 
teres, Salter, but is quite distinct. 

Loc, Nos, 47, 49, 50. — Horizon. Blackba^d ironstone above and below Bog» 
head parrot coal (Torbane-hill mineral). 

Collettor^Mi J. Bennie. 
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CLASS CRUSTACEA. 

Okder Teilobita. 

Genus Phillipsia. — Portlock, 1843. 

Phillipsia. — Sp. ind. 

Obs. — The shale above the Castlecaty limestone has yielded the fragmentavy 
remains of a species of Phillipsia, a pygidium, a thorax and pygidium united, and 
a portion of a free cheek without the eye. 'The state of preservation of the two first 
named is indifferent, but the free cheek exhibits a highly ornate appearance, covered 
with a series of small pustules, and a prominent orenulating series round the cavity 
left by the eye, characters which appear to indicate a species nearly allied to P. 
pustulata, Schlotheim, or P. aemi/nifera, Phillips. 

Loc. No. 29.--flbnzow. Shale above the Castlecary or Levenseat Limestone, Upper 
Carboniferous Limestone Group. 

ColUctor^M.r 3. Bennie. 

CLASS PBLECYPODA. 

Ordee Ostracea. 

Genus Aviculopecten. — M'Goy. 

Aviculopecten. — Sp. iiid. 

Obs. — Shining impressions of what must have been a distinct and well-marked 
Aviculopecten occur in the roof of the Smithy coal. Edge Coal series of Bo'ness. 
There is no shelly-matter remaining ; indeed, the specimens can scarcely be called 
casts, but are apparently weak impressions of the interior of the shells. As they 
are, a close resemblance may be traced to A. planicostatus, M'Coy,' but with a leas 
marked obliquity of the shell. The ears are short and square, unequal, and concen- 
trically striated, and one at least is provided with radiating striae. The surface of 
the impressions is ornamented with from eight to twelve or thirteen broad, flat, inequi- 
distant, smooth radiating ribs, with little separation one from the other. The hinge 
line was about equal in length to that of A. planicostatus, and, like the latter, the 
shell was obliquely produced towards one side. The material is not suflicient in- 
quantity or state of preservation to enable me to give a more definite diagnosis. 

Zoo. No. 1. — Borizon. Shale forming the roof of the Smithy Coal, Edge Coal 
Series ( = Lower Coal Measures of some writers). 

Collector — Mr J. Bennie. 

Aviculopecten sub-anisotus. — Sp. nov.l 

(Compare A. anisotus, Phillips, Geol. York., 1836, ii. p. 212, t. &, f. 22; A. variabilis, 
M'Coy, Synopsis Carb. Foss. Ireland, 1844, p. 101, t. 16, f. 7; and A. depilis, 
M'Coy, loc. eit., p. 91, t. 16, f. 11). 

Sp. char. — Ovate, or nearly orbicular, slightly produced anteriorly ; valve rather 
flattened. Left valve, beak acute, slightly projecting above the hinge line ; cardinal 
margin straight, short; ears small, anterior the largest, slightly pointed, not divided 
from the boify of the shell; posterior ear small, undefined, and very slightly pointed; 
aaterior and posterior margins rounded, the former somewhat produced; ventral 
margin rounded ; surface of the valve, including the ears, covered with fine, close, 
thread-like imbricating laminae of growth, with flattened, ill-defined, broad radiating 
ridges, sometimes visible over the whole valve, at others only towards the ventral 
margin, and again occasionally entirely absent. P&gM valve more convex than the 
left, with Its anterior ear triangulai-, deeply divided from 'he body of the shell by a 
byssal notch and groove, and ornamented with strong, projecting, scale-like laminae, 
ind two to four radiating ridges ; posterior ear pointed, more definitely so than that 
of the anterior, but not extending beyond the posterior margin of the valve, and 
ornamented with fine thread-like lines parallel to the margins; general surface of the 
valve delicately cancellated by fine, almost microscopic radiating lines, and equally 
fine concentric imbrications. 

Obs. — I describe this as a new species with some hesitation. It may be an already 
described form, but as I am unable to definitely refer it to any of our British forms, 
so far as they are known to me, I prefer to provisionally give it a name, rather than 
run the risk of making an erroneous determination. A. sub-anisotus may be com- 
jiared with Pecten awisotus, Phillips, so far as the brief description and unsatisfactory 
figure of the latter will permit comparison. In both, the valve is produced anteriorly ; 

' Synopsis Carb. Poss. Ireland, 1844, p. 98, t. 14, f. 6. 
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the anterior ear is deeply divided from the body of the shell, and it is marked with 
radiating and strong transverse lamina. The posterior ear is but slightly defined, 
although not so pointed in P. anistotus as in our specimen; the inequality in the 
two ears of the same valve is equally well marked, and the ornamentation of the shell 
appears to have been after the same type. Very little has been written about P. 
anisot'm, beyond Phillip's two lines of description and Brown's copyj^ and unfor- ■ 
tunately we are unacquainted with the opposite valve of P. cmisotua. A curious 
resemblance exists between A. mb-anisotm and PecUn variabilis, M'Coy, and at the 
same time an equally curious difference. M 'Coy's figure represents two valves on a 
piece of matrix, with an obliquity towards the anterior side, a triangular deeply- 
defined anterior ear, marked with strong concentric ridges, and an undefined slightly- 
pointed posterior ear. These are aU characters described above as seen in P. sub-ani- 
sotus; but in the case of my form on the right valve— whereas Prof. M 'Coy's are 
left valves, or, at all events, whatever value may be given to the terms right and 
left as applied to Pectens, opposite valves to that in which the characters described 
are to be found in P, sub-anisotus. A similar variation also appears to exist in the 
amount of the anterior obliquity and state of the ornamentation in the two species. 
Again, the left valve of A. sub-anisotus resembles to a certain extent several described 
species, but not to such an extent as to call for any particular remark. The Survey 
Collection possesses some very well preserved examples of this form from the Campsie 
district ; and I think, upon the whole, it will be best to provisionally regard it as new, 
pending further information concerning the two species I have referred to above. 
The individuals of P. sub-anisotus appear to differ amongst themselves in the amount 
of the anterior obliquity, the state of preservation of the ornamentation, and the 
convexity of the right valve. I am not acquainted with the characters of the hinge. 

Loc. No. 159. — Horizon. — Calcareous band of shale in the Main Limestone. 

Collector — Mr A. Macconochie. 



Okder Mytilacea ? 

Genus Anthracoptera. — Salter. 

Anthracoptera tumida. — Sp. nov. 

Sp. char. — Transversely triangular, gibbous, with a strong diagonal tidge dividing 
the valves into two nearly equal halves ; anterior side well marked, tumid, with a 
slight byssal notch in the margin at a point almost vertically under the beaks, and 
more conspicuous in the left valve. Posterior end obliquity truncated; the margin 
forming with the hinge line an obtuse angle, and occasionally emarginate. Hinge 
line much less than the length of the shell; postero-ventral margin obtusely rounded. 
Diagonal ridge and umbonal region very convex, forming the most gibbous part of 
the shell; the ridge is almost median, but if anything a little anterior. Beaks 
prominent, widely separated, and raised above the hinge line. Surface ornamented 
with concentric lines of growth parallel to the margins, occasionally developing into 
laminffi. 

Obs, — A. tumida has for its essential characters the great tumidity of the valves, 
strong and nearly medi,an diagonal ridge, and prominent beaks. The convexity of 
the shell at once distinguishes it from A. (Mytilus) triangularis, Sow. ;^ the more 
prominently developed anterior end, the more median position of the diagonal ridge, 
and its more direct course across the valves from A, {Modiola) cwrimata. Sow. ,3 and 
A. {Avicula) quadraia, So.w.* The gibbgsity of the shell places A. tumiida nearest to 
A., carinata. Saw. A. ! Browniana, Salter,' is so ill-defined that little can be 
said about it; but it appears to have a much more emarginate posterior margin, anrt 
the latter not in any way obliquely truncated. The general outline of A. tumida 
approaches much nearer to another species of the same genus lately described by me — 
A . 1 obesa.' — butj many of the points already indicated will also serve as distinctive 
ones in this case. 

Loc. Nos. 2 and 3. — Horizon. Shale above the "Brownstone" portion of the 
Bo'ness Lower Ironstone — Edge Coal Series. 

Collector — Mr J. Bennie. 
^ . _ . ^ — _ . 

' Fosdl Conchology, 1849, p. 156. 

2 Trans. Geol. Soc. 1840, 2d ser. v. t. 89, ,f. 16. 

3 Loc. ait. f. 15. 
■• Loc. "it. f. 17. 

' Hfems. Geol. Survey, Wiqam, ilevwir 1862, 2d ed. p. 37, f. 3. 
6 Quart. Jour, Geol. Soc. xxxiv. p. 12. 
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IV.— LIST OF OSTEACODA, 

COLLECTED PROM LOCALITIES IN SHEET 23 (ONE-INCH, 

The numbers refer to the Localities given in the Appendix to 
pp. 49-55. 

Carboniferous Limestone Series. 
Class, etc. Name. 

Ostrctcoda, . . Bairdia ampla. — Reuss, 

„ ■^ar. 
brevis. — J.&K, . . , 



carta. — M'Ooy, 



elongata. — M&nster, 



„ Hisingeri. — MiiTister, 



,, „ ,, var. caudata, 

,, ,, „ var. Keptuni, 

,, subcylindrica. — Miinster, 

„ n. sp. 1 . 

BeyricMa arcuata. — Beam, . 

„ bituberculata. — M'Coy, 

„ calliculus. — Eichw. 

„ multiloba. — Jones, 

„ subarouata. — Bean, 

,, radiata. — J. <Sc K. 

. ,, Sp. nov. 
Cythere cornigera.^J^. & K. _ , 



cuneola. — J. d: X. 



,, fabulina. — /. efc K. 

„ n. sp. . 
Cytherella parallela. — /. <fc K. 
„ simplex.; — J. d- IC. 



Sp. 



^irkbya annectans. — J. ik Kt 
,, Permiana..— /(Mies, . 
„ „ „ var. 

,, XSveL- — Jones, . 



SCOTLAND).^ 
Explanation 23, 



Locality Number. 
. 4,37,247,259. 
. 247. • 
, 141. 

28 ? 83, 98, 

111, 130, 141, 
142, 143, 145, 

147, 148, 152, 
155, 259? 260, 

1 279. 
28 ? 35, 37, 
51, 58, 83, 

112, 141,147," 

148, 165, 247, 
258, 259, 260. 
4 ? 28, 112, 

; 155, 258. 

f28, 35, 37, 55, 
58, 111, 112, 
124, 129, 130, 

142.147, 247, 
258, 259, 260, 

(.279. 

83 ? 111. 

155. 

260,' 279. 

279. 
i 79, 194, 195, 
! 258. 

111. 

51, 58? 148. 

130. 

79, 132. 

147. 

35, 51, 148. 

155, 259, 279? 
fl2? 35, 51, 

55, 58, 98, 

124, 129, 130, 

132, 142? 147, 

148, 152, 153, 

154, 155, 247? 
1.258,260,279? 

12, 119, 129, 

130? 142? 145, 

148, 153, 154. 

98,279. 

247. 

35, 145. 

51, 148, 152, 

259. 

130. 

51, 141, 147, 

155, 247, 258, 
279. 

145, 147. 
35, 51, 58, 

145. 148, 153, 
154, 155. 



» See Note, Expl. 23, p, 63. We are indebted to the kindness of Prof. T. Eapert 
/Ji>nes, F.K.S., for the determination of the species. 
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Class, etc. 
Ostracoda, 



Name. 



Kirkbya Sp. nm. 



Leperditia Okeni. — MUnster, 



galeusis. — Sib. 



var. acuta, 
var. Scotoburdi- 



Leperditia anhoibiculata.^ Munster, 



Poly cope simplex.^-/. 4 ^■ 



Locality Number. 
. 4, 35, 111. 
7, 12, 28, 33, 
35, 37, 43, 56, 
58, 77, 98, 
101, 112, 111, 
130, 132, 141, 
145, 147, 148 
152, 153; 155, 

1247, 258, 260. 
51, 55 ? 

i 7, 12, 82 ? 

(131, 260. 
12, 31, 51, 55, 
77, 83, 98, 
99, 111, 119, 
129, 130, 132, 
279. 
104, 119. 



V,— LIST OF PUBLICATIOI^S, 

REFERRING TO THE GEOLOGY AND PALiEONTOLOGT OP THE DISTRICTS IN- 
CLUDED IN SHEET 31 OP THE GEOLOGICAL SDEVET OP SCOTLAND. 



pil. On the Coal Formation of Clackmannanshire. Bald. Mem. Wern. Sac, 

i. 479, 
1812. A Geological Account of the Southern District of Stirlingshh'e, commonly 

called the Campsie Hills. Imrie. Mem. Wern, Soe. , ii. 24. 
1815. Notice respecting the Old Silver Mine in Linlithgowshire. Fleming. 

Thomson's Ann Phil., v. 118. 
,, Observations on the Orthoceratites of Scotland. Fleming. Thomson's Ann. 

Phil., V. 199. 
,, On a Bed of Fossil Shells on the Banks of the Forth. Fleming. Thomson's 

Ann. Phil., v. 118. 
1821. Additional Observations on the Coal-fields of Clackmannanshire, Bald. 

Mem. Wern. Soe., iii. 123. 

1824. On the Superficial Strata of the Forth District. Blackadder. Mem. Wern. 

Soe., i. i2i. 

1825. On the British Testaceous Annelides. Fleming. Edinh. Phil. Journ., 

xii. 238. [Description and figures of Dentalium from West Lothian.] 
1831. Description of a Fossil Crustaceous Animal {Mdothea). Scouler. Edinb. 

Jour, of Nat. and Oeogr. Science, iii. 352, 
1836. On the Freshwater Limestone of Burdiehouse, in the neighbourhood of 
Edinburgh, belonging to. the Carboniferous Group of Eocks ; with supple- 
mentary notes on other Freshwater Limestones, Hibbert. Trans. Hoy. 
Soe., Minb., xiii. 169. 

1838. History of British Animals, etc. Fleming. Edinburgh, 8vo. (Contains 
" original descriptions of Bathgate Limestone Fossils.) 

1839. On «ie Carboniferous Formation of the Lower Ward of Lanarkshire. Craig. 

Trans. Righ. Soe, vi. 341, new series, 

1840. On the Coal Formation of the West of Scotland. Craig. Srit. Assoc. Sep. 

1840, sect. 89. 

1841. On the Boulder Deposits near Glasgow. Craig. Proc. Geol. Soe. , iii. il5. 

1842. Section of the Lanarkshire Coal-fields. Murray. Proc. Phil, Soe, Glasgow, 

i. 105. 
Notice of Fossil Plants in the Glasgow Geological Museum, Gourlie, 
Proc. Phil. Soe, Glasgow, i. 105. 

1843. Description of some New Species of the Genus Pachyodon. Brown. Ann. 

Nat. Hist., xii. 390. 
1846. Geological Notices of the Parishes in the New Statistical Account of Scotland. 
(Counties of Lanark, Linlithgow, Stirling, and Dumbarton.) 
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1S49. Illustrations of the Fossil Conchology of Great Britain and Ireland, with 

descriptions and localities of all the species, Brown. London, 4to. De-. 

scription of a " unio " from Coal-Measures, Polmont, Stirlingshire. 
1850. Notice respecting a Deposit of Shells near Borrowstounness. Maclaren, 

&inb. New Phil. Jav/rti,, xlviii. 311. 
,, An Account of the Mineral Field between Airdrie and Bathgate, and from 

Bathgate to Edinburgh and Leith. Bald. Eiiinh, New Phil. Jcnirn., 

xlviii. 173. 
1855. On the Geology of Clydesdale. Bryce. (Published for Members of the 

British Association, 2nd ed. 1859, 3rd ed. 1865. Glasgow, 8vo. 
1857. An Investigation into the Structure of the Torbane-hul Mineral, and of 

various kinds of Coals. Bennett. Trams. Hey. Soc., Edirib., xxi. 173. 
1857-62. A Monograph of British Carboniferous Brachiopoda. Davidson. Mona, 

Pal. Soc., x.-xiv. (Contains much information regarding the Carboniferous 

Limestone Brachiopoda of the Campsie Hills, etc. ) 
1859-61. The Carboniferous System in Scotland characterised by its Brachiopoda. 

Davidson. Geologist^ ii. p. 461 ; iii. 14, 99, 179, 219, 258. Also pub- 
lished separately. 

1860. Observations on the Supply of Coal ai;d Ironstone from the Mineral Fields of 

the "West of Scotland. Moore. Proc. Phil. Soc, Glasgow, iv. 292. 
, , On the Geology of the Campsie' District. Young. Trans. Glasgow Geol. 
Soc. , i. 5. 2d ed. 1868, with alterations and omissions. 

1861. On the Chronology ofthe Trap-rocks of Scotland. Geikie. Trans. EdiTib. Eoy^ 

Soc., xxii., 633. 
,, Memoir to Sheet 32. Geological Survey of Great Britain. Geikie and 

Salter. London, 8vo. 
„ On some of the Higher Crustacea from the British Coal-Measures. Salter. 

Quart. Journ. Geol. Soc, xvii. 528. 

1862. Researches in Newer Pliocene Geology. Smith. Glasgow, 8vo. 

,, A Monograph on the Fossil Estherim. Eupert Jones. M(yas. Pal. Soc. 

London, 4to. (Describes species from Sheet 31.) 
,, Sketch of the Geology of the Torbane Mineral Field. Taylor. Geologist, 

V, 43, 

1863. Glacial Drift of Scotland. Geikie. Trans. Glasgow Geol. Soc, i. 

pt. 2. 
„ Description of Anihracosaurus Pusselli, a new Labyrinthodont from the 

Lanarkshire Coal-field. Huxley. Quart. Jour. Geol. Soc, xix. 56. 
„ On a new Crustacean from the Glasgow Coal-field. Salter. Quart. Journ. 

Geol. Soc, xix. 519. 

1864. Provisional Notice of a new Chiton, and a new species oi Chitonellus, from 

the Carboniferous Eocks of Western Scotland, Young and Kirkby, Trans. 
Glasgow Geol. Soc, ii. 13. 
1866. On an undescribed Cone from the Carboniferous Beds of Airdrie. Carruthers, 
Geol. Mag., ii. p. 433. 
,, On the Tellina Calcarea Bed of Chapelhall, near Airdrie. Crosskey. Q,uar. 
Journ. Geol. Soc, xxi. 219. 

1866. Notes on some Fossil Crustacea, etc. Woodward. Trans. Geol. Soc, 

Glasgow, ii. 234. 

1867. On the Ballagan Series of Eocks. J.W.Young. Trans. Glasgow Geol. Soc, 

ii. 209. 

,, On the Discovery of Carboniferous Limestone Fossils in the Upper Coal- 
Measures to the east of Glasgow. Skipsey. Tratis. Glasgow. Geol. Soc, 
ii, 52. 

„ On the Age of certain Trap-rocks near Glasgow. Bryce. Trans. Glasgow Geol. 
Soc, ii. 17. 

,, On the Entomostraca of the Carboniferous Eocks of Scotland. Jones and 
Kirkby. Trans. Glasgow Geol. Soc, ii. 213. 

,, On the Eange and Occurrence of Anthrocosia and other Shells in the Coal- 
Measures eastward of Glasgow. Skipsey. Trans. Glasgow Geol. Soc, 
ii., 142. ■ 

„ Description of two new species of Shells from the Carboniferous Limestone of 
Clydesdale. Armstrong. Trans. Glasgow Geol. Soc, ii. 74. 

1868. Notieeof the discovery of .^ircAeocMforis with Spines attached. Young. Proc 

Glasgow Nat. Hist. Soc, i. 178. 
„ On the various Genera and Species of Brachiopod Shells found in the Main 

Limestone of the Campsie Valley. Young. Proc. Nat. Hist., Glasgow, 

i. 95. 
„ On the Gasteropod MoUusca of the Carboniferous Limestones of the West of 

Scotland. Young. Proc Nat. Hist., Glasgow, i. 70. 



86 

On the genera BeterophylUa (from the Campsie Hills) Battersbyia, Palm-, 
cylus, and Asterosemlia. Dr Duncan. Phil, Trans., clvii. 648; 

1869. Remarks and Notes of Correspondence on tte Identity of ffeterophyi^ 

LyelH and H. mirabilis of Duncan. Young. Proc. Nat. Hist. Soc., Glas- 
gow, i. 256. 

), On the Surface Geology of the district round Glasgow, as indicated by the 
Journals of certain bores. Bennie. Tram, Glg^gow Oeol. Soc, iii. 133. 

,, On Palseocoryne, a genus of Tubularine Hydrozoa from the Gftrboniferous 
fornjations (Campsie Hills). Duncan and Jenkins. Phil. Tram., pp. 169, 
693. ' ift , 

1870. On two Eiver Channels buried under Drift, belonging to a period when the 

land stood several hundred feet higher than at present. CroU. Trans. 
Udinb. Gcol goc, i. 333. 
„ On the discovery of a Sand-dyke, or old River Channel, running north and 
south from near Kirk of Shotts to "VVishaw, Lanarkshire, Dick. Tram. 
Mini. Geol Soc, i. Zi5. 
' , , On the Bones of a Seal found in red clay near Grangemouth, with remarks 
on the species. Turner. Proc Edinb. Pay. Soc, vii. 105. 

1871. Observations on the Structure of Fossil Plants found in Carboniferous Strata. 

Binney. Mans. Pal. Soc, 1871. (Describes new species of Lepidostrobus 

from Airdrie.) 
The Estuary of the Forth and the adjoining Districts viewed Geologically. 

Milne Home. Edinburgh, 8vo. 
On the Upper Coal-Measures of Lanarkshire, Gro.ssart. Trans. Glasgow 

Geol. Soc, iii. 96. 
On the Cai'boniferous Fossils of the West of Scotland — ^Young ; with a 

General Catalogue of the Fossils — Armstrong. Trans. Glasgow Geol. Soc, 

iii. Supplement. 
On the Post-Tertiary Deposits qf the Carse of Falkirk. Burns. Trans. 

Glasgow Geol. Soc\ iii. 367. 
Notes on the Coal-fields at Falkirk, illustrated with and specimens of 

Antholites and its Fruit, Halonia, and other Fossil Plants. Peach. Geol. 

Mag., viii. 187. 

1872. Notiee of the Geological Features of the Upper Coal-Basin of the Firth of 

Forth. Cadell. Trans. Edinb. Geol, Soc, ii. 39. 
,, Notes on one of the Bathgate Sand-hills. Linn. Trans. E(^nb. Geol. Soc, 

i\. 3g. 
„ Suggestions for the study of the Chemical Geology of the Bathgate Hills. 

Taylor. Tram. Edinb. Geol. Soc, ii. 73. 
,, A Monograph of the British Fossil Crustacea belonging to the order 

Merostomata. Woodward. Mons. Pal. Soc, xxv., xxvi. (Describes the 

Bathgftte f!uryptenbs.) 

1873. On Antholites Pitcairnce and its Fruit (Cardiocarpurii), yiithi other Fossil 

Plants from Falkirk. Peach. Proc Bot. Soc, Edinburgh, xi. W&. 
„ On Fossil Plants from the Coal-field oiE Slamannan, Falkirk, etc. Peach. 

Proc Pot. Soc, Edinburgh, xi. 342. 
,, On the Fhyllotasia oi Zepidodendron. Dickson. Proa. Bot. Soc, Edinbv/rgh, 

xi. 145 
,, Memoirs of the Geological Survey of Scotland. Explanation to Sheet 23, 

p. 42. Edinburgh, 8vo. 
,, On some of the less common Bathgate Fossils. Linn. Trails. Edinb. Geol. 

Soc, ii. 192.' 
,, On Palaecoryne, etc. Duncan. Quart. Journ. Geol. Soc, xxix. 412. 
,, On the Bituminous Shales 'of Linlithgowshire and Edinburghshire. Taylor. 

Trans. Edinb. Geol. Soc, iii. 16. 
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